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1.0  INTRODUCTION 


This  report  was  developed  sis  the  result  of  an  effort  conducted  by  Advanced 
Technology,  Incorporated  to  perform  a  world-wide  survey  of  new  technological 
concepts  which  might  offer  the  potentisil  for  improving  the  operational  and  hydro- 
dynamic  capabilities  of  advanced  amphibian  vehicles.  The  survey,  particularly  the 
foreign  sources  part,  was  conducted  principally  through  the  use  of  the  mail  service. 

1.1  BACKGROUND 


The  Marine  Corps  pioneered  the  development  of  a  doctrine  during  the  1930s 
which  is  the  foundation  of  the  United  States'  capability  for  the  projection  of  combat 
power  ashore  through  amphibious  assault.  During  the  1940s,  with  World  War  n  serv¬ 
ing  as  a  catsilyst,  the  basic  elements  of  amphibious  warfare  were  refined.  In  addition 
to  a  significant  doctrinal  evolution,  one  major  equipment  improvement  occurred:  the 
amphibious  LVT  was  introduced  for  ship-to-shore  movement  of  assault  troops,  their 
equipment,  and  supplies.  The  LVT  also  provided  assault  forces  with  a  capability  to 
move  inland  from  the  initial  landing  sites. 

Following  World  War  n,  a  new,  more  efficient  vehicle  was  developed  by  the 
Bureau  of  Ships,  using  the  LVT3  as  the  design  basis.  This  vehicle,  designated  as 
LVT3C,  was  equipped  with  an  armor  cover  over  the  cargo  compartment  which  was 
opened  easily,  but  which  did  not  interfere  with  cargo  handling.  In  addition,  a  small 
turret  equipped  with  a  machine  gun  was  fitted  to  the  vehicle.  These  early  LVTs 
suffered  from  marginal  waterborne  performance  because  of  poor  hydrodynamic  effi¬ 
ciency. 

In  the  latter  part  of  1950,  the  Bureau  of  Ships  initiated  a  program  to  develop  a 
new  family  of  standardized  advanced  design  LVTs.  This  new  vehicle,  the  LVTP5,  was 
a  much  larger  and  heavier  vehicle  than  any  of  its  predecessors  of  World  War  II,  with 
greater  cargo  and  personnel  carrying  capacity.  Overall  land  and  waterborne 
performance  was  superior  to  that  of  previous  LVTs,  although  only  marginal  gain  in 
water  speed  was  achieved. 

The  LVTP7  was  born  out  of  a  Marine  Corps  requirement  initiated  in  1964,  (for 
which  Concept  Formulation/Contract  Definition  contracts  were  awarded  to  two 
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firms)  for  an  improved  Assault  Amphibian  Vehicle  to  replace  the  aging  LVTP5A1 
family  of  vehicles.  The  contract  to  design,  develop,  and  fabricate  prototypes  incorpo 
rating  the  latest  technology  and  refinements  in  all  vehicle  system  areas  was  awarded 
in  early  1966.  The  vehicle,  constructed  primarily  of  aluminum,  was  lighter  and 
smaller  than  the  LVTP5.  The  specifications  also  called  for  greater  land  and  water 
performance,  better  maneuverability,  reduced  fuel  consumption,  greater  reliability, 
among  other  requirements,  and  all  at  reduced  production  and  operating  costs. 
Compared  to  its  predecessor,  the  LVTP7  has  one-half  the  horsepower,  and  yet,  is 
approximately  20%  faster  in  the  water.  Increased  water  speed  was  achieved  by  a 
narrower  and  somewhat  more  streamlined  hull  form  and  by  the  use  of  water  jet 
propulsion  which  also  improved  maneuverability  and  control. 

Amphibious  vehicles  throughout  their  history  have  been  developed  on  an  evolu¬ 
tionary  basis,  incorporating  relatively  minor  improvements  in  vehicle  capability,  by 
using  technology  and  components  that  were  fully  developed  at  the  time.  Amphibians 
and  other  combat  vehicles  currently  undergoing  concept  development  or  being 
proposed  for  future  development  appear  to  offer  only  marginal  improvements  in 
capabilities,  performance,  and  mission  effectiveness.  If  significant  improvements  in 
vehicle  performance  and  combat  effectiveness  are  to  become  a  reality,  innovative 
concepts,  in  addition  to  substantial  product  improvements  in  materials,  components, 
and  subsystems,  must  be  developed  and  applied  to  military  vehicles.  Unique  system 
concepts,  designs,  and  approaches  and  spinoff  or  technology  transfer  from  industry, 
military,  and  other  Government  agencies  (e.g.,  NASA),  which  could  be  used  toward 
achieving  the  desired  amphibian  performance  goals,  must  be  identified  and  developed 
to  assure  success  prior  to  vehicle  concept  development. 

1.2  DATA  SEARCH 


Application  was  made  to  the  Defense  Documentation  Center  for  appropriate 
bibliographies.  The  bibliographies  were  received  and  a  large  number  of  the  docu¬ 
ments  listed  in  Appendix  A  were  reviewed  for  technology  leads.  Another  part  of  the 
research  effort  was  conducted  as  a  mailing  campaign  to  private  industry  and  was 
followed  up  by  telephone  calls,  when  required.  Of  the  93  letters  posted,  13  responses 
were  received.  The  responses  are  included  in  Appendix  B.  As  a  result  of  a  visit  to 
the  U.S.  Patent  Office,  copies  of  numerous  patents  relating  to  amphibian  vehicle  and 
marginal  terrain  vehicle  technology  were  obtained  and  are  included  in  Appendix  C.  In 
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some  cases,  only  telephone  contacts  were  made  and  a  list  of  those  contacts  is  in 
Appendix  D. 


1.3  FINDINGS 


The  major  finding  is  that  there  is  nothing  of  a  revolutionary  nature  that  could 
be  applied,  at  this  time,  to  an  advanced  amphibian  to  improve  its  performance 
significantly.  However,  major  improvments  in  vehicle  performance  are  likely  to  be 
achieved  through  the  use  of  new  lightweight  materials  and  new  designs  of  suspension 
system  components  such  as  the  hydropneumatic  suspension  unit. 

Of  the  nearly  100  amphibian  vehicle  related  patents  examined  at  the  U.S. 
Patent  Office  (most  of  which  are  described  in  Appendix  C),  only  the  following  three 
offered  even  a  slight  hope  that  they  might  be  useful  to  amphibian  developments:  the 
Amphibious  Air  Track,  page  A-39;  the  Ground  Traction  Device,  page  A-46;  and  the 
Shock  Absorber  Wheel  Hub,  page  A-52.  The  remaining  patents  in  Appendix  A  are 
included  as  evidence  of  the  paucity  of  assualt  amphibian  technology  ideas  of  an 
innovative  and  useful  nature. 

A  potential  mechanism  for  improving  power  conversion  efficiency  is  a  new 
traction  device  concept,  being  developed  by  NASA,  which  promises  to  reduce  noise, 
weight,  and  unit  complexity.  It  is  called  the  NASVYTIS  Traction  Drive  and  is  de¬ 
scribed  in  Appendix  B.  NASA  has  tested  the  devices  in  sizes  from  30  horsepower  to 
500  horsepower  and  3.25-to-l  to  48-to-l  reduction  ratios.  Although  the  device  is  only 
a  speed  reducer  at  present,  it  potentially  could  replace  gears  in  transmissions  for 
tracked  vehicles. 

A  common  characteristic  throughout  the  industrial  vehicle  technology  com¬ 
munity  was  the  apparent  lack  of  interest  or  even  moderate  effort  being  applied  to  the 
solving  of  hydrodynamic  or  mechanical  problems  already  known  to  exist  with  existing 
amphibian  vehicles,  as  well  as  developmental  problems  likely  to  be  associated  with 
future  amphibians. 

Within  the  past  year,  the  University  of  Michigan  College  of  Engineering  has 
established  the  Office  for  the  Study  of  Automotive  Transportation  (OSAT).  The 
objectives  of  OSAT  are  to  provide  a  focus  for  the  automotive  industry's  major  prob- 
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lems,  both  technical  and  non-technical,  and  to  enhance  interaction  between  industry 
and  Government  groups. 


1.4  CONCLUSIONS 


The  trend  of  amphibian  vehicle  developments  has  been  evolutionary  since  the 
vehicle's  inception,  and  the  projected  trend  continues  to  be  of  an  evolutionary  nature. 
One  of  the  major  causes  of  such  an  evolutionary  process  is  the  lack  of  a  strong  pro¬ 
ponent,  in  industry,  for  the  development  of  advanced  technologies  which  are  focused 
on  amphibian  vehicle  mission  requirements.  As  a  result  of  efforts  to  uncover  new 
technology  that  could  be  applied  to  an  amphibian,  this  investigation  has  concluded 
that  the  main  reason  for  a  lack  of  industry  interest  is  the  lack  of  Government  incen¬ 
tives  for  industry  to  be  more  agressive  and  innovative  in  the  advancement  of  tech¬ 
nology  for  use  in  the  development  of  advanced  amphibian  vehicles.  The  production 
runs  for  the  unique  Marine  Corps  amphibian  are  not  very  large  nor  do  they  run  for 
extended  periods,  as  is  the  case  with  some  other  large  military  vehicles. 

In  view  of  the  high  operational  payoffs  offered  by  vehicle  weight  reduction 
efforts,  a  major  project  should  be  undertaken  to  examine  not  only  lightweight  ma¬ 
terials  and  systems  but  also  a  combination  of  lightweight  materials  and  improved 
armor.  Armor  systems  other  than  monocoque  construction  with  5083  aluminum  may 
offer  significant  reductions  in  hull  weight  and  improvements  in  ballistic  protection. 
Use  of  Kevlar  as  a  blanket  liner  for  suppression  of  spall  and  fragmentation  is  seen  as 
one  of  the  most  significant  improvements  that  should  be  considered.  Use  of  harder 
materials,  such  as  4340  steel/5083  aluminum  composite  plate,  to  defeat  the  AP 
threat  on  the  sides  of  the  vehicle  would  reduce  the  weight  of  these  hull  plates. 

Within  the  hull  and  frame  subsystems,  two  areas  appear  to  offer  the  greatest 
payoff:  the  hull  form;  and  the  type  of  armor  material.  Further  development  in  these 
areas  may  offer  improvements  in  the  performance  of  the  vehicle  which  outweigh  the 
costs  incurred  to  incorporate  the  new  concepts.  Emphasis  should  be  placed  on 
developing  a  hull  shape  which  will  cause  the  vehicle  to  maintain  a  positive  dynamic 
trim  while  underway  and  prevent  water  from  covering  bow  and  obscuring  the  driver's 
vision. 

Very  few  areas  for  payoff  exist  as  a  result  of  development  of  the  marine  drive 
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subsystem.  The  possibility  exists  for  development  of  a  new  waterjet  which  would  be 
more  applicable  to  an  advanced  amphibian.  The  design  goal  should  be  aimed  toward 
development  of  a  waterjet  with  low  weight,  small  size,  high  efficiency,  and  a  high 
degree  of  control. 

1.3  RECOMMENDATIONS 

The  following  actions  should  be  taken  to  advance,  appropriately,  the  technology 
base  needed  to  support  the  development  of  a  cost-effective  amphibian  for  the  1995- 
2000  time  period: 

1.  A  major  program,  such  as  the  Marine  Corps  Surface  Mobility  Exploratory 
Development  Program,  should  be  tasked  to  initiate  actions  which  would  provide 
incentives  for  industry  to  push  technologies  that  offer  high  payoffs  for  an  amphibian 
vehicle  of  the  future. 


2.  A  major  and  coordinated  effort  should  be  devoted  to  the  development  of 
lightweight  materials,  including  armor,  which  can  be  applied  to  amphibians  in  order 
to  enhance,  significantly,  their  mobility  effectiveness  and  survivability. 

3.  Hull  shape  design  efforts  should  provide  for  a  positive  dynamic  trim  while 
underway. 

4.  An  advanced  waterjet  should  be  developed  which  has  a  low  weight,  small 
size,  high  efficiency,  and  a  high  degree  of  control. 

5.  University  research  centers,  such  as  Michigan's  Office  for  the  Study  of 
Automotive  Transportation,  should  be  investigated  as  potential  high-risk/high-payoff 
contributors  to  the  objectives  of  Marine  Corps  amphibian  vehicle  programs. 
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Obstacles:  Hasso,  Erb 


AD  904  438L  Evaluation  Performance  and  Durability  Tests 

XM701  (MICV065)  Prototype  Vehicle 
E.  J.  Rupnick 

AD  856  457L  Environmental  Test  Product  Improvement  Test  of  Carrier, 

Command  and  Reconaissance,  Armored, 
M114A1  Under  Desert  Conditions:  Mich. 
Warren 


AD  910  335L 

Mobility  Environment 
Research 

AD  870  227L 

Study  of  Amphibian 
Logistics 

AD  913  007L 

Mobility  Engineering 
Research 

AD  859  292L 

AD  876  604L 

Trafficability 

AD  B011  992L 

Transport  Cargo 

Vehicles 

AD  902  1311 

Sandwich  Construction 

AD  520  594L 

Coordinated  Engineering 
Service 

AD  520  593L 

Coordinated  Engineering 
Service 

AD  911  551L 

Reinforced  Plastics 

AD  923  407L 

Military  Vehicles 

AD  502  969L 

Mobility  Study 

AD  505  525L 

Strategic  Warfare 

Proposed  Method  for  Determining  Mobil¬ 
ity  of  Vehicle  and  Motorized  Units  on  the 
Road  and  Cross-Country:  S.  Areshoug 

Simulation  of  Electric  Drive  Vehicles: 
Robert  M.  McKechie 

Solo,750  -  The  First  German  Amphibian 
Vehicle:  Hasso,  Erb 

The  Soviet  4x4  (8x8)  Armored  Truck 
BTR-40P.  The  Next  Generation  of  Armor¬ 
ed  Vehicles:  Trans,  of  Soldat  and  Technik 

The  Soviet  8x8  Armored  Personel  Carrier 
BTR-60P:  Safir 

Special  Analysis  of  High  Mobility  Vehicles 
Author  not  listed. 

Synthetic  Amphibious  Cross-Country 
Vehicles:  A  Material  Study  by  Messers- 
schmidt-Beolkow  Blohm:  Hasse,  Erb 

Vehicle  Classification:  S.  F.  Torok,  V.A. 
Formica 

Vehicle  Classification  Manual:  S.  F. 
Torok,  W.  A.  Formica 

A  Vehicle  Made  of  Plastic:  Trans  for 
Soldat  and  Technik 

Wheeled  Vehicle  Follow-on  Generation 
Ernst  Ferber 

A  Mobility  Study  of  Four  Vehicles:  John 
N.  Andrews,  Jr. 

Application  of  the  Surface  Effect  Vehicle 
to  the  Strategic  Strike  Force  Mission: 
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AD  688  965  Problems  of  Off-The- 
Road  Mobility 

AD  867  755L 

AD  868  240L  Marine  Surface  Pro¬ 
pulsion 

AD  881  147L  Modern  Amphibians 

AD  894  957L  Plastic 

AD  900  362L  Shrouded  Propellers 

AD  900  363L  Shrouded  Propellers 

AD  905  175L 

AD  909  924L 

AD  914  386L  Coordination 

AD  915  SOIL  Surface  Effect  Vehicles 

AD  B006  271L 

AD  B013  724L 

AD  B014  708L  Operations 


Westwood  Research,  Inc.  and  Rosenblatt 
(M)  and  Son. 

Studies  of  Off-Road  Vehicles  in  the 
River  ine  Environment.  Volume  I,  Perfor¬ 
mance  Afloat  I.  R.  Ehrlich,  I.O.  Kamm,  G. 
Worden 

PTS-M  Soviet  Amphibious  Truck:  Peter 
O.  Safir 

Waterjet  Propulsion  Kit  for  M113-A1 
Armored  Personnel  Vehicle:  P.  N.  Baxter 

The  French  "Gillois"  Stream  Crossing 
Vehicles.  Modern  Family  of  Amphibious 
Engineer  Vehicles:  PeterSafir 

Amphibious  Vehicles  Made  of  Plastic: 

Fest 

Sprocket-Driven,  Nozzle-Propeller 
Propulsion  Systems  Performance  Tests  on 
Mechanized  Infantry  Combat  Vehicle: 
F.C.  Whaley 

Waterborne  Performance  Test  of  Mechan¬ 
ized  Infantry  Combat  Vehicle,  SM701E1 
with  Nozzle-Propeller  Propulsion.  Devel¬ 
opment  of  Bow-Wave  Suppression  De¬ 
vices:  W.  Flannery,  F.  Whaiey 

The  Infantry  Cannon  Vehicle  91;  Hans 
Ulfhielm 

Arctic  SEV  Program:  Author  not  listed 

Water  Performance  Tests  of  the  BTR-50 
pu  Armored  Personnel  Carrier:  David  A. 
Sloss 

Arctic  Surface  Effect  Vehicle  Program. 
Volume  9.  Task  2.2.10(A)  Surface  Traction 
System:  Douglas  D.  Joyce,  Jr. 

Armored  Reconnaisance  Vehicle  (Model) 

2.:  Hasso 

The  "Transpor  ta  panzer  1"  A  New  German 
Six-Wheel  Multi-Purpose  Armored  Ve¬ 
hicle:  Hasso,  Erb 

Product  Improvement  Test  of  Landing 
Vehicle,  Tracked,  Assault,  Amphibian, 
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Personnel  Carrier,  LVTP7  (Modified)  E.  F. 
Northon 


AD  B020  788L 

Military  Requirements 

Military  Off-Road  Vehicles:  Arnost,  Farka 

AD  872  657L 

Test  Methods 

Landing  Vehicles,  Wheeled  and  Tracked: 

No  author  listed 

AD  473  347L 

Amphibious  Vehicle 

Sleds 

Potential  Test  of  Amphibious  Sled:  No 
author  listed 

AD  B019  863L 

Amphibious  Cargo 

Carrier 

New  Armored  Transport  Vehicle 

AD  818  615L 

Infantry 

Military  Potential  &  Moiblity  of 
Amphibious  Infantry  Support  Vehicles. 

AD  423  538L 

Meneuverability 

Project  Wheeltrack  I,  Vol  I 

AD  B002  767L 

Landing  Vehicle  Assault 

Landing  Vehicle  Assault  Technology 

AD  B021  147L 

Mechanized  Infantry  Combat  Vehicle 
(MICV),  XM723  Systems,  Operational  Test 
II,  Vol.  Ill 

AD  B011  992L 

Special  Analysis  of  High  Mobility  Vehicles 
(HMO) 

AD  B008  651L 

U.S.  Army  Trans-Hydro  Craft  Study  1975- 
1985  Executive  Summary 

AD  B008  652L 

U.S.  Army  Trans-Hydro  Craft  Study  1975- 
1985  Main  Report 
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LIST  OF  TELEPHONE  CONTACTS 


Firm 

ALCOA  Aluminum 
AM  General 
Bell  Aerospace 
Caterpillar  Tractor 
FMC 

Grumman  Aerospace 
Lockheed  Aerospace 
National  Waterlift 
Rockwell  International 
Troy  Continental  Motors 


Contact  Telephone  Number 


B.F.  Holcombe 

(804) 

788-7541 

R.  Johnson 

(313) 

493-3000 

J.  Cannon 

(716) 

297-1000 

J.  Dennis 

(309) 

578-6071 

R.  Naulk 

(408) 

289-3086 

W.  Aubin 

(516) 

575-2233 

Dr.  Tietz 

(415) 

494-5678 

W.  White 

(615) 

345-8641 

R.  Margolis 

(313) 

435-1983 

E.  Blaekborne 

(616) 

724-2812 
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National  Aeronautics  and 
Space  Administration 

Lewis  Research  Center 

Cleveland.  Ohio 
44135 
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October  5,  1979 


Mr  Costa  Brown 
ADTECH 

7923  Jones  Branch  Drive 
Suite  500 
McLean,  VA  22102 


Dear  Mr .  Brown: 

Thank  you  for  your  inquiry  of  October  1,  1979.  With  regard  to  our  research  on 

the  NASVYTRAC  multiroller  traction  drive,  I  have  enclosed  the  first 

NASA  technical  report  on  its  evaluation  and  some  additional  illustrations. 

The  photograph  illustrates  the  range  of  sizes  of  units  that  have  been 
built  and  tested.  The  smaller  of  the  tvro  drives  in  the  photograph  is 
a  30  HP  turbopump  test  drive  having  a  3.25  to  1  ratio  and  an  input  speed 
of  95,000  rpm.  It  weighs  nine  pounds.  This  unit  was  designed  for  the 
liquid  hydrogen  boost  pump  on  a  rocket  engine.  The  larger  test  drive 
transmits  500  HP,  has  a  ratio  of  48  to  1  and  an  input  speed  of  53,000  rpm. 

It  weighs  210  pounds. 

A  derivative  of  the  test  unit  reported  in  the  enclosed  NASA  TP  was 
retrofitted  to  a  Chrysler  automotive  turbine  engine  in  place  of  a  helical 
gear  set.  A  schematic  of  the  installation  is  enclosed.  The  drive 
performed  well  in  this  application.  We  are  now  in  the  process  of  putting 
together  another  report  on  this  test  program.  I  have  also  enclosed  a 
cross-section  and  closeup  of  the  NASVYTRAC  assembly  showing  the  key 
elements. 

With  regard  to  your  600  HP  engine  application,  it  is  difficult  to  furnish 
the  data  you  request  without  knowing  more  of  the  specific  requirements, 
such  as  input/output  speeds,  peak  torque  loading,  service  life  requirements, 
expected  duty  cycle,  installation  envelope,  the  type  of  engine,  etc. 

However,  let  me  point  out  that  we  have  studied  the  possibility  of  using 
NASVYTRAC  drives  on  systems  ranging  from  a  25,000  hp  destroyer  propulsion 
drive  down  to  a  100  watt  high  speed  vacuum  pump  unit.  In  most  of  these 
cases,  we  have  felt  that  the  NASVYTRAC  offered  certain  performance  advantages 
over  conventional  gearing. 
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In  summary,  the  NASVYTRAC  drive  seems  tu  rave  promise  from  a  noise, 
speed  ratio  and  weight  to  power  ratio  standpoint.  The  drive  functions 
as  a  large  roller  bearing,  so  that  a  high  speed  shaft  can  be  supported 
with  only  one  additional  bearing  with  good  stability. 

We  at  NASA  believe  that  this  transmission  has  a  significant  role  to  play 
in  future  industrial  and  aerospace  drive  train  applications.  If  you  have 
any  additional  technical  questions  or  comments,  we  would  be  most  happy 
to  address  them.  For  information  concerning  a  possible  future 
application,  we  would  suggest  that  you  contact  Mr.  Richard  C.  Klein, 

NASTEC,  Inc.,  1700  Ohio  Savings  Plaza,  1801  East  Ninth  St.,  Cleveland,  Ohio, 
44114,  telephone  (216)  695-5157. 


Stuart  H.  Loewenthal 
Project  Manager 
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INSTALLATION  OF  NASVYTIS  TRACTION  DRIVE  WITH  POWER  TURBINE  ASSEMBLY 
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Performance  of  a  Nasvytis 
Multiroller  Traction  Drive 


Stuart  H.  Loewenthal 

Lewis  Research  Center,  Cleveland,  Ohio 

Neil  E.  Anderson 

Propulsion  Laboratory,  AVRADCOM  Research  and  Technology  Laboratories 
Lewis  Research  Center,  Cleveland,  Ohio 

Algirdas  L.  Nasvytis 

Transmission  Research,  Inc.,  Cleveland,  Ohio 


NASA 

National  Aeronautics 
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Scientific  and  Technical 
information  Office 


SUMMARY 


Parametric  tests  were  conducted  on  a  high-speed,  14. 7- to- 1  fixed- ratio  Nasvytis 
Multiroller  Tract/on  Drive.  The  test  drive  was  arranged  in  a  single-stage,  planetary 
configuration  with  two  rows  of  stepped  planet  rollers  contained  between  the  concentric 
sun  and  ring  rollers.  The  drive  was  equipped  with  an  automatic  roller- loading  mech¬ 
anism  that  maintained  a  constant  design  traction  coefficient.  Two  drives  were  tested 
concurrently  in  a  back-to-back  arrangement  -  one  functioning  as  a  speed  increaser, 
the  other  as  a  speed  reducer.  A  synthetic,  cycloaliphatic  traction  fluid  was  the  test 
lubricant.  Test  parameters  included  nominal  sun- roller  speeds  to  73  000  rpm  and  in¬ 
put  power  levels  to  127  kW  (170  hp).  Three  design  traction  coefficients  -  namely, 

0.039,  0.048,  and  0.057  -  were  tested  by  varying  the  geometry  of  the  automatic  roller¬ 
loading  mechanism. 

Both  the  speed  increaser  and  reducer  operated  smoothly  and  efficiently  through 
the  full  range  of  test  conditions.  A  nominal  peak  efficiency  of  95  percent  was  measured. 
Transmission  efficiency  increased  with  the  applied  torque  but  varied  relatively  little 
with  changes  in  operating  speed.  Varying  the  design  traction  coeffici  ent  had  a  relatively 
small  effect  on  efficiency,  creep  rate,  or  operating  temperatures.  However,  with  a 
traction  coefficient  of  0.057,  both  drives  showed  signs  of  impending  slip  at  high  torque 
and  sun- roller  speeds  greater  than  57  500  rpm.  Both  test  drives  exhibited  good  speed 
regulation,  with  speed  efficiencies  greater  than  98.4  percent. 

INTRODUCTION 

The  development  of  practical,  cost- competitive  traction  drives  for  a  variety  of 
commercial  applications,  from  machine  tools  to  automotive  transmissions,  is  a  rapidly 
expanding  field.  Although  presently  about  a  dozen  companies  in  the  United  States  mar¬ 
ket  traction  drives  (ref.  1),  their  widest  acceptance  has  been  in  Europe,  where  thou¬ 
sands  are  in  commercial  service.  Interest  is  also  remarkably  high  in  Japan  and  the 
Soviet  Union.  The  majority  of  these  commercial  drives  are  limited  to  light-duty  ap¬ 
plications,  less  than  11  kW  (15  hp)  (ref.  1). 

Because  of  the  high  contact  stresses  associated  with  high  power  transfer,  many 
of  these  traction  drives  must  be  unattractively  large  in  order  to  meet  reasonable  in¬ 
dustrial  service  life  requirements.  Progress  is  being  made  in  developing  more  com¬ 
pact  drives  by  using  cleaner  vacuum- processed  bearing  steels  with  greater  fatigue  re¬ 
sistance  and  traction  lubricants  with  improved  tractive  properties  (ref.  2). 
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Traction  drives  combine  the  potential  of  smooth,  quiet,  highly  efficient  (>90  per¬ 
cent)  power  transfer  and  reliable  operation  at  extremely  high  speeds  (>110  m/sec 
(20  000  ft/min),  ref.  0).  Unlike  power  transmission  with  gear  teeth  -  which,  even 
when  perfectly  machined,  will  generate  significant  torsional  oscillations  as  the  load 
transfers  between  teeth  -  power  transmission  through  traction  is  inherently  smooth 
and  quiet.  The  tangential  compliance  of  the  thin  elastohydrodynamic  lubricant  film  be¬ 
tween  contacting  rollers,  together  with  the  elastic  compliance  of  the  rollers  themselves, 
provides  an  effective  damping  action  to  further  reduce  vibrational  disturbances.  Be¬ 
cause  of  their  smooth  power- transfer  characteristics,  traction  drives  often  prove  to  be 
a  cheaper  and  quieter  alternative  to  high- speed,  high-precision  planetary  gear  sets. 

An  example  of  this  is  given  in  reference  4,  which  reports  the  design  and  construction 
of  a  simple  planetary  traction  speed  reducer.  It  was  designed  to  replace  a  precision 
planetary  gear  set  for  a  50  000- rpm  pneumatic  head  on  a  vertical  grinder.  The  traction 
drive  was  not  only  quieter  and  smoother  running,  but  also  less  expensive  to  manufac¬ 
ture. 

Although  the  concept  of  power  transfer  by  traction  appears,  in  principle,  to  be 
straightforward,  the  physical  mechanisms  involved  and  the  proper  design  criteria  to  be 
followed  are  not  well  established.  The  interaction  of  the  lubricant  with  the  nonideal 
(rough)  roller  surfaces  under  the  combination  of  high  contact  pressures  and  high  lubri¬ 
cant  shear  rates  is  extremely  difficult  to  model  analytically.  For  the  most  part,  prac¬ 
tical  design  information  for  traction  contact  has  been  empirically  obtained  on  a  partic¬ 
ular  contact  geometry  for  a  specific  range  of  test  conditions. 

Some  of  the  earliest  investigations  into  traction  contact  phenomena  as  they  relate 
to  traction  drives  were  conducted  by  Lubomyr  Hewko  (refs.  5  to  7).  Hewko  obtained 
traction  and  efficiency  performance  data  for  roller  contacts  of  several  geometries  over 
a  wide  range  of  operating  conditions  for  several  lubricants  (ref.  5).  He  varied  such 
parameters  as  rolling  velocity,  normal  load,  temperature,  and  speed  ratio  (ref.  5). 
Hewko  later  extended  much  of  these  data  to  roller  contacts  that  operate  at  very  high 
surface  speeds  (to  127  m/sec  (25  000  ft/min))  (ref.  6).  Much  of  this  test  information 
served  as  a  data  base  for  the  construction  of  several  fixed- ratio,  simple  planetary 
traction  drives.  One  of  these  planetary  traction  drives,  of  3. 5-to-l  ratio,  was  tested 
against  a  planetary  geared  drive  of  similar  size,  ratio,  and  power  capacity  (ref.  7). 

The  planetary  traction  drive  had  significantly  higher  part-load  efficiency  and  a  lower 
noise  signature  than  the  comparable  planetary  geared  drive. 

Generally,  a  single-stage,  simple  planetary  traction  drive  has  a  practical  speed- 
ratio  limit  of  about  7.  Above  this  speed  ratio  the  size  of  the  sun  roller  relative  to  the 
ring  roller  becomes  so  small  as  to  unfavorably  overload  the  sun- roller  contact  for  ap¬ 
preciable  power  transfer.  A  remedy  to  the  speed- ratio  limit  of  single-stage  planetary 
traction  drives  was  devised  by  A.  L.  Nasvytis  (ref.  3).  His  drive  system  uses  the 
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sun  and  ring  rollers  of  the  simple  planetary  traction  drive;  but,  instead  of  a  single  row 
of  constant-diameter  planet  rollers,  Nasvytis  substituted  two  or  more  rows  of  "stepped” 
<or  dual  diameter)  planet  rollers.  With  this  new  "multiroUer"  arrangement,  practical 
speed  ratios  as  high  as  150  could  be  obtained  in  a  single  stage  with  three  rows  of  planet 
rollers.  In  addition  to  the  immediate  size,  weight,  and  simplicity  benefits  of  a  high- 
ratio,  single-stage  drive,  the  Nasvytis  Multiroller  Traction  Drive  also  minimizes  the 
need  for  bearings  by  restricting  their  use  to  only  the  last  row  of  planet  rollers  and 
either  the  ring  or  sun  roller. 

In  reference  3,  Nasvytis  reports  the  test  results  for  several  versions  of  his  multi¬ 
roller  drive.  The  first  drive  tested  was  a  373-kW  (500-hp)  torpedo  drive  of  three- 
planet- row  construction  with  a  reduction  ratio  of  48.2  and  an  input  speed  of  53  000  rpm. 
The  outside  diameter  of  the  drive  itself  was  43  cm  (17  in.),  and  it  weighed  just  930  N 
(210  lb)  with  a  lightweight  magnesium  housing.  It  demonstrated  a  mechanical  efficiency 
above  95  percent  with  sun- roller  surface  speeds  greater  than  86.4  m/sec  (17  000  ft/ min, 
ref.  3).  To  investigate  ultra- high- speed  operation,  Nasvytis  tested  a  3.7-kW  (5-hp), 
three-row,  120- to- 1  ratio  speed  increaser  (ref.  3).  The  drive  was  preloaded  and  op¬ 
erated  without  torque  at  480  000  rpm  for  15  minutes  and  ran  for  43  consecutive  hours 
at  360  000  rpm  without  lubrication  but  with  air  cooling.  Two  back-to-back  drives  were 
operated  for  180  hours  at  speeds  varying  from  1000  to  120  000  rpm  and  back  to 
1000  rpm.  They  transmitted  between  1. 5  and  2.2  kW  (2  and  3  hp,  ref.  3).  Another 
3.7-kW  (5-hp),  three-row  speed  increaser,  with  a  speed  ratio  of  50,  was  tested  for 
more  than  5  hours  at  the  full  rated  speed  of  150  000  rpm  with  oil  mist  lubrication  and 
air  cooling.  It  successfully  transmitted  3.7  kW  (5  hp)  at  86  percent  efficiency  (ref.  3). 

Smooth,  quiet,  high-speed  operation  are  inherent  qualities  of  the  Nasvytis  Multi- 
roller  Traction  Drive  concept.  These  qualities  make  it  attractive  for  high-  ratio  speed 
reducer  applications  such  as  those  associated  with  high-speed,  gas-turbine  prime 
movers. 

The  research  reported  herein  was  conducted  to  determine  (1)  key  operational  and 
performance  factors  of  a  high-speed,  high- ratio  Nasvytis  Multiroller  Traction  Drive, 
such  as  drive  efficiency,  roller  creep,  lubrication  requirements,  temperature  distri¬ 
bution,  and  roller  cluster  stability  and  (2)  the  effect  of  design  traction  coefficient  on 
these  operational  characteristics  over  a  wide  range  of  speed  and  torque.  Parametric 
tests  were  conducted  on  a  back-to-back  transmission  test  stand  with  14.7-to-l  fixed- 
ratio  Nasvytis  Multiroller  Traction  Drives.  Test  parameters  included  speeds  to 
73  000  rpm  and  input  power  levels  to  127  kW  (170  hp).  A  synthetic,  cycloaliphatic  trac¬ 
tion  fluid  was  used  as  the  test  lubricant. 


TEST  DRIVE,  TEST  STAND,  AND  PROCEDURE 


Test  Drive 

The  Nasvytis  Multiroller  Traction  Drive  tested  in  this  study  is  shown  in  figure  1. 
The  test  drive  is  a  single-stage  planetary  configuration  with  two  rows  of  five  stepped 
planet  rollers  contained  between  the  concentric  sun  and  ring  rollers.  Either  the  sun 
or  ring  roller  may  act  as  the  input  or  output  member.  Reaction  torque  is  carried  to 
the  housing  by  a  pair  of  rolling- element  ball  bearings  installed  in  the  second  (outer)  row 
of  planet  rollers.  The  first  (inner)  row  of  planet  rollers  and  the  sun  roller  require  no 
bearings,  so  that  the  number  of  total  drive  bearings  is  greatly  reduced.  The  reaction 
torque  bearings  are  located  in  the  optimum  position,  the  outer  planet- roller  row,  where 
the  reaction  forces  and  operating  speeds  are  relatively  small.  The  ring- roller  assem¬ 
bly  is  positioned  by  its  contact  with  the  second  row  of  planet  rollers  and  is  splined  to 
the  low- speed  input- output  shaft. 

Because  the  planet  rollers  in  the  test  drive  are  the  three-  point  contact  with  adj  a- 
cent  rollers,  the  roller  cluster  has  a  high  degree  of  stability:  The  first  row  of  planet 
rollers  and  the  second  row  of  planet  rollers  (to  the  extent  of  bearing  internal  clearance) 
will  shift  under  load  until  a  nearly  ideal  force  balance  is  established.  Consequently, 
slight  mismatches  in  roller  dimensions,  housing  distortions  under  load,  or  thermal 
gradients  will  have  little  effect  on  drive  performance  other  than  to  cause  a  slight  change 
in  roller  orientation.  From  a  roller  manufacturing  standpoint  this  roller  cluster  flex¬ 
ibility  will  accommodate  rather  crudely  matched  rollers.  Differences  between  contact¬ 
ing  roller  diameters  as  great  as  approximately  ±0.02  mm  (±0.0008  in.),  several  times 
those  of  ordinary  mass-produced  roller  bearings,  should  cause  few,  if  any,  operational 
difficulties . 

The  number  of  planets  roller  rows,  the  number  of  planet  rollers  in  each  row,  and 
the  relative  diameter  ratios  at  each  contact  are  variables  to  be  optimized  according 
to  the  overall  speed  ratio  and  the  uniformity  of  contact  forces,  in  general,  drives  with 
two  planet  rows  are  suitable  for  speed  ratios  to  about  25,  and  drives  with  three  planet 
rows  are  suitable  for  ratios  to  about  150  For  the  nominal  design  speed  ratio  of  14,7, 
two  rows  of  five  planet  rollers  each  were  selected.  The  speed  ratios  across  the  con¬ 
tacts  between  the  sun  roller  and  the  first  row  of  planet  rollers,  between  the  first  and 
second  rows  of  planet  rollers,  and  between  the  second  row  of  planet  rollers  and  the 
ring  roller  were  1.28,  2.87,  and  2.97,  respectively,  for  a  total  speed  ratio  of  14.7. 

The  test  drives  were  equipped  with  a  loading  mechanism  that  automatically  adjusted 
the  normal  contact  load  between  the  rollers  in  proportion  to  the  transmitted  toique. 

This  mechanism  operated  above  some  preselected,  minimum  preload  setting.  The 
automatic  loading  mechanism  insured  that  the  ratio  of  traction  forces  to  normal  con- 


tact  forces,  or  the  design  traction  coefficient  y*,  was  constant  under  all  operating 
conditions.  The  loading  mechanism  consisted  of  eight  G-mm  by  6-mm  rollers  contained 
in  wedge-shaped  cam  pockets  on  the  outboard  side  of  each  ring  roller  (fig.  1).  The  in¬ 
side  diameters  of  the  two-piece  ring- roller  set  were  slightly  tapered.  This  taper 
caused  the  drive  cluster  to  be  radially  loaded  when  the  cam  rollers  squeezed  the  ring- 
roller  halves  axially  together  under  torque. 

The  design  traction  coefficient  y*  could  be  varied  by  simply  changing  the  slope  of 
the  wedge-shaped  cam  pockets.  In  this  investigation,  three  values  of  y*  (0.039, 

0.048,  and  0.  057  at  the  contact  between  the  sun  roller  and  the  first  row  of  planet 
rollers)  were  examined. 

The  ring  roller  and  the  planet  rollers  were  manufactured  from  consumable  vacuum- 
melted  (CVM)  SAE-9310  steel  that  was  case  carburized  to  a  Rockwell- C  hardness  of 
60  to  63.  The  sun  roller  was  made  of  through- hardened,  CVM  AISI- 52100  steel  with  a 
Rockwell- C  hardness  of  61  to  63.  All  roller  running  surfaces  were  ground  to  surface 
finishes  from  0.  l  to  0.2  ym  (4  to  8  yin.)  rms.  The  remaining  drive  components  and 
structure  were  fabricated  from  low-carbon  steel. 

The  test  drives  were  sized  to  transmit  149  kW  (200  hp)  continuously  although  test- 
stand  power  limitations  restricted  testing  to  127  kW  (170  hp).  They  had  transient  over¬ 
load  capability  of  261  kW  (350  hp),  based  on  yielding  stress  considerations. 

Each  test  drive  was  approximately  25  cm  (10  in.)  in  diameter  with  a  main-body 
length  of  approximately  11  cm  (4. 3  in.).  The  rotating  drive  components  weighed  87  N 
(19. 7  lb).  An  extra- stiff,  welded  steel  housing  added  170  N  (38.6  lb)  to  the  total  weight 
of  each  drive.  It  is  estimated  that  about  35  percent  of  this  structural  weight  could  be 
saved  by  using  a  cast  aluminum  housing.  With  a  cast  aluminum  housing,  which  would 
be  used  in  a  production  drive,  the  weight- to- power  ratio  for  the  test  drive  would  be 
0.76  N/kW  (0.13  lb/hp)  on  a  transient  basis  and  1.  34  N/kW  (0.22  lb/hp)  on  a  maximum, 
continuous  basis. 


Lubricant 

The  test  lubricant  used  in  this  study  was  a  synthetic,  high-traction  cycloaliphatic 
hydrocarbon  fluid.  Its  traction  coefficient  is  approximately  50  percent  greater  than 
those  of  conventional  mineral  oils  (ref.  2).  This  fluid  exhibited  good  fatigue- life  per¬ 
formance  in  the  tests  of  reference  8.  Its  properties  are  given  in  table  I. 

Test  Stand 

The  NASA  fLxed- ratio,  traction- drive  test  stand  uses  the  back-to-back  or 
recirculating- power  principle,  which  permits  accurate  efficiency  measurements  to  be 
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made  (typically  within  ±0.3  percent  as  compared  with  >±1  percent  with  input-output 
torquemeters).  A  schematic  of  the  test  stand  is  shown  in  figure  2.  Two  drives  with 
individual  lubrication  systems  were  tested  concurrently.  The  high-speed  shafts  of 
these  drives  were  directly  coupled  by  a  high-speed,  flexible  gear- coupling.  The  low- 
speed  shafts  were  coupled  by  parallel- shaft  stand  gearboxes  that  were  individually  con¬ 
nected  to  the  case  and  rotor  of  a  hydraulic  torque  motor.  The  hydraulic  motor  loaded 
the  gearboxes  and  test  drives  when  it  was  pressurized  through  the  oil  supply  housing 
(hydraulic  slip  ring).  The  torque  level  in  the  test  drives  was  controlled  by  a  closed- 
loop,  servocontrol  system  that  regulated  the  pressure  difference  across  the  hydraulic 
motor  through  a  servocontrol  valve.  When  the  drive  motor  rotated  the  hydraulically 
loaded  test  drives,  a  power  flow  was  established  in  the  closed  loop  in  which  one  trans¬ 
mission  acted  as  a  speed  increaser  and  the  other  as  a  speed  reducer.  The  drive  motor 
supplied  only  the  power  required  to  rotate  the  test  drives  and  test- stand  gearboxes  un¬ 
der  the  test  load.  This  power  was  equal  to  the  total  test- stand  power  losses. 

Efficiency  was  measured  by  comparing  the  total  test- stand  power  losses  when  the 
test  drives  were  in  place  with  the  test- stand  tare  power  losses  when  the  test  drives 
were  removed,  at  the  same  test  conditions.  The  tesb- stand  tare  power  losses  were 
measured  under  load  by  replacing  the  test  drives  with  a  dummy  shaft.  With  this  tech¬ 
nique,  peak  efficiency  can  be  determined  accurately  to  within  ±0.  3  percent.  Drive- 
motor  input  torque  and  loop  torque  at  the  speed  reducer's  output  shaft  were  measured 
with  rotary  transformer  torquemeters. 

Speeds  were  accurately  measured  with  magnetic  and  proximity  probe  pickups  to  one 
part  in  10  thousand  at  test-drive  input  and  output  shafts  so  that  the  small  changes  in 
speed  ratio  due  to  creep  (slight  relative  motion  between  driving  and  driven  rollers) 
could  be  detected. 

Temperatures  of  the  lubrication  oil  into  and  out  of  the  test  drives  and  the  test>- 
stand  gearboxes  were  recorded.  Input  oil  temperatures  were  maintained  by  an  auto¬ 
matic  controller.  Sun- roller  temperatures  were  measured  approximately  by  placing  a 
thermocouple  junction  less  than  0.3  cm  (0.  1  in.)  above  the  roller  surface.  The 
inner- race  temperature  of  the  second  row  of  planet  rollers  and  outer- race  temperature 
of  the  low- speed  shaft  bearing  were  measured  by  imbedding  thermocouples  in  copper 
plugs  in  contact  with  these  races.  Skin  temperatures  of  both  drives  and  the  stand  gear¬ 
boxes  were  also  recorded. 

Pressures  of  the  lubrication  and  hydraulic  torquemeter  systems  were  measured 
with  strain- gage  pressure  transducers.  Oil  flow  rates  were  measured  with  turbine 
flowmeters.  Triaxial  accelerometers  were  mounted  on  the  test  drives  to  detect  ab¬ 
normal  vibration  during  the  test  and  to  perform  cursory  vibration  analysis. 

oun-  and  ring- roller  radial  and  axial  positions  were  monitored  during  the  tests 
with  eddy-current  proximity  probes.  The  test  drives'  lubrication  svstcm  consisted  of 


an  11- liter  (3- gal)  sump,  a  pressure  pump,  an  oil  heater  and  cooler,  3-pm  absolute 
supply  and  return  filters,  and  a  scavenge  pump  to  keep  the  drive  housing  relatively  dry. 


Test  Procedure 

Before  each  test  the  test  drives  were  completely  disassembled  and  the  components 
were  cleaned  in  an  ultrasonic  vapor  degreaser  to  insure  maximum  cleanliness.  Also, 
the  lubricant  in  the  test  drives'  lubrication  systems  was  circulated  for  several  hours 
through  3-fim  absolute  filters.  After  the  transmissions  were  reassembled  and  the  min¬ 
imum  preload  adjusted,  the  high-speed  shafts  of  the  two  test  drives  were  alined  in  a 
mounting  fixture  and  coupled  by  a  lightweight,  high-speed  gear- coupling. 

The  tests  reported  herein  were  parametric  tests.  The  parameters  that  were 
maintained  constant  throughout  the  tests  are  listed  in  table  II.  Increaser  input  speeds 
were  830,  1660,  2770,  3870,  and  5000  rpm;  and  reducer  output  torques  were  23,  57, 

85,  113,  141,  181,  226,  and  282  N-m.  The  test  procedure  was  to  set  a  speed  and  then 
to  increase  the  torque  level  stepwise  to  the  required  test  condition.  When  the  maximum 
torque  level  was  attained,  the  next  increment  of  speed  was  set  and  the  procedure  was 
repeated.  To  insure  steady-state  readings,  typically  45  to  60  minutes  of  running  was 
required  between  speed  changes  and  5  to  15  minutes  between  torque  changes. 


RESULTS  AND  DISCUSSION 
Effects  of  Speed  and  Torque  on  Drive  Efficiency 

The  effects  of  speeds  to  73  000  rpm  and  input  torques  to  285  N-m  (2520  in-lb)  on 
multiroller- traction- drive  power  loss  are  presented  in  figure  3  for  a  design  traction 
coefficient  of  0.048.  With  recirculating- power  test  systems  it  is  not  feasible  to  di¬ 
rectly  measure  individual  test- drive  power  loss,  so  an  average  power  loss  per  drive 
is  normally  assumed.  However,  a  better  estimate  of  increaser  and  reducer  drive  per¬ 
formance  can  be  obtained  by  splitting  the  total  power  loss  for  both  drives  in  proportion 
to  the  relative  heat  transferred  to  the  cooling  oil  and  convected  through  the  housing. 

A  sample  calculation  using  this  heat-loss  balance  is  given  in  appendix  A.  With  this 
technique  the  reducer  generally  had  a  slightly  higher  power  loss  than  the  increaser. 
However,  as  discussed  later  in  this  section,  these  differences  in  power  loss  have  a 
much  smaller  effect  on  relative  test-drive  efficiency. 

It  is  apparent  from  figure  3  that  the  test-drive  power  loss  was  mildly  dependent  on 
torque  and  significantly  dependent  on  speed.  In  fact,  an  increase  in  speed  caused  a 
nearly  linear  increase  in  power  loss,  as  illustrated  in  figure  4,  where  the  torque  loss 
at  the  input  shaft  for  the  test  drives  is  plotted  against  input  speed  for  two  input  torques. 
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The  torque  loss  was  nearly  constant  over  the  operating  speed  range  and  varied  only 
slightly  with  input  torque.  This  variation  in  torque  loss  with  speed  and  load  is  quite 
similar  to  that  of  spur  gears  (ref.  9)  and  to  that  of  traction-drive  contacts  (ref.  5). 

Because  speed  seems  to  have  little  overall  effect  on  mechanical  efficiency  at  con¬ 
stant  torque  (fig.  5),  the  windage  losses  were  probably  relatively  small.  However, 
mechanical  efficiency  did  improve  with  an  increase  in  transmitted  torque,  with  effi¬ 
ciency  levels  rising  to  approximately  95  percent  for  both  increaser  and  reducer  at  the 
highest  torque  level  tested.  The  upward  trend  of  these  performance  curves  shows  that 
slightly  higher  efficiencies  might  have  been  attained  had  not  the  torque  limit  of  the  test 
stand  been  reached. 

Figure  6  shows  the  variation  in  test-drive  efficiency  with  input  power.  Both  in¬ 
creaser  and  reducer  appeared  to  have  nearly  the  same  overall  efficiency,  except  at 
the  two  lowest  operating  speeds.  At  low  speeds,  the  small  power  differences  between 
the  drives  (~0.  5  kW  (0.7  hp)),  as  shown  in  figure  3,  resulted  in  about  a  2-  to  3- 
percentage  point  efficiency  advantage  for  the  increaser.  However,  these  differences 
in  efficiency  are  probably  not  significant  because  of  the  inaccuracies  associated  with 
the  heat-balance  technique  at  these  lower  power  levels. 

It  is  clear  from  figure  6  that,  for  best  efficiency  at  any  required  horsepower,  the 
traction  drive  should  be  operated  at  the  lowest  possible  speed  since  this  will  require 
the  highest  possible  torque  (fig.  5).  This  is  the  most  efficient  way  of  operating  most 
mechanical  and  hydraulic  drive  systems  as  well  as  most  internal  combustion  engines 
However,  the  efficiency  advantages  of  operating  for  prolonged  times  at  high  torque 
levels  might  be  offset  by  a  reduction  in  drive-system  fatigue  life. 

Unlike  gear-to-gear  contacts,  the  exact  speed  ratio  across  a  traction  contact  is 
not  independent  of  torque.  A  small  speed  difference  will  exist  between  lubricated, 
elastic,  rolling  bodies  under  torque  transmission.  This  difference  is  due  to  the  com¬ 
bination  of  tangential,  elastic  deformation  of  the  roller  material  (ref.  10)  and  the 
viscoelastic  straining  of  the  lubricant's  elastohydrodynamic  film  (ref.  11).  As  long  as 
the  peak  traction  coefficient  of  the  lubricant  within  the  contact  is  not  exceeded,  this 
relative  motion  will  be  a  very  small  percentage  (typically  <0.  5  percent  for  cylindrical 
contacts)  of  the  contact's  rolling  velocity.  This  small  relative  motion  is  commonly 
referred  to  as  creep.  The  traction  performance  of  lubricants  is  usually  given  in  the 
form  of  traction-coefficient- versus-creep  curves  The  traction  coefficient  is  generally 
a  linear  function  of  the  creep  rate  below  approximately  75  percent  of  the  peak  traction 
coefficient  Above  this  value  the  traction  coefficient  rapidly  levels  off  with  an  increase 
in  creep  rate  as  nonlinear  viscoelastic  effects  become  important.  At  high  creep  rates, 
thermal  effects  cause  a  reduction  in  traction  coefficient  until  gross  slip,  or  100  percent 
creep,  is  reached.  To  insure  against  gross  slip,  it  is  common  design  practice  to  keep 
(he  design  traction  coefficient  somewhat  less  than  75  percent  of  the  anticipated  maxi- 


mum  available  traction  coefficie  t  at  the  required  operating  conditions. 

The  creep  rate  also  represents  a  loss  in  power  that  is  equal  to  the  product  of  the 

speed  difference  and  the  transmitted  torque.  This  can  be  expressed  in  terms  of  speed 

efficiency  rj  which  is  defined  as  follows: 
s 

_  Measured  output  speed 
s  Design  output  speed 

Figure  7  shows  that  speed  and  load  have  little  effect  on  the  measured  speed  efficiency 
of  the  test  drives.  The  speed  efficiencies  presented  are  accurate  to  ±0.05  percent. 
Speed  efficiencies  in  excess  of  98.  6  percent  were  recorded  for  both  test  drives.  Thus 
the  total  creep  rate  across  three  traction  contacts  was  held  to  less  than  1.4  percent  by 
the  automatic  loading  mechanism. 

All  remaining  power  losses,  apart  from  the  creep  power  loss,  can  be  expressed  in 
terms  of  torque  efficiency  r/t,  which  is  defined  as  follows: 


where  rj  is  the  overall  model  efficiency.  Torque  efficiency  plots  for  the  test  drives 
are  given  in  figure  8.  Because  of  the  high  values  of  n  ,  these  curves  are  quite  similar 
to  those  of  figure  5. 

In  general,  traction- drive  torque  efficiency  is  a  measure  of  the  power  losses  due 
to  contact  misalinement,  spin  (for  contacts  with  tapered  or  varying  transverse  curva¬ 
tures),  rolling  resistance,  and  miscellaneous  drive  losses.  Miscellaneous  drive  losses, 
such  as  windage  and  support- bearing  tare  losses,  can  become  a  significant  portion  of 
the  total  power  loss,  particularly  at  light  loads. 


Effects  of  Design  Traction  Coefficient  on  Drive  Efficiency 

The  geometry  of  the  wedge-shaped  cams  in  the  automatic  loading  mechanism  was 
varied  to  study  the  effects  of  design  traction  coefficient  g*  on  traction- drive  efficiency 
As  shown  in  figure  9,  the  three  design  traction  coefficients  tested  had  little  effect  on 
performance.  Nor  did  these  three  values  of  g*  have  any  significant  effects  on  any 
other  operating  variable,  such  as  roller  temperatures  or  speed  efficiency.  However, 
both  test  drives,  when  operated  with  the  0. 057- percent- design- traction- coefficient 
cams,  did  show  some  signs  of  impeding  slip  at  sun- roller  speeds  above  57  500  rpm  at 
high  torque  levels.  It  is  well  known  that  the  available  traction  coefficient  g  will  de¬ 
crease  with  an  increase  in  rolling  velocity.  Apparently,  at  the  high  surface  speeds  of 
the  sun  roller  (^35  m/sec  (16  700  ft/min)),  the  available  coefficient  of  traction  u  for 
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the  traction  lubricant  -  contact  combination  approaches  0.057,  the  value  of  the  design 
traction  coefficient  a*-  This  would  suggest  using  a  lower  value  of  g*,  diat  is,  applying 
more  normal  load,  to  insure  against  gross  slip.  On  the  other  hand,  using  too  low  a 
value  of  a*  would  greatly  increase  the  normal  load  acting  on  the  contact  and  thereby 
adversely  affect  fatigue  life  and  possibly  part^load  efficiency. 

Effects  of  Speed  and  Torque  on  Temperature 

Operating  speed,  as  shown  in  figures  10  to  12,  had  a  far  greater  effect  than  torque 
on  the  operating  temperature  of  components  in  the  test  drives.  Varying  sun- roller 
speed  from  12  000  rpm  to  73  000  rpm  at  constant  torque  increased  sun- roller  absolute 
temperatures  by  12  to  17  percent.  However,  varying  sun- roller  torque  from  2  N-m  to 
20  N-m  (18  in-lb  to  180  in- lb)  at  constant  speed  caused  only  a  2  to  4  percent  variation. 
This  observation  is  consistent  with  the  far- mo  re- dominant  effect  of  speed  on  power 
loss,  as  discussed  earlier  (fig.  4). 

Although  the  hollow  sun  roller  was  cooled  effectively  by  lubricant  that  flowed  under 
the  contact  surface  and  out  through  radial  holes,  contact  temperatures  -  as  measured 
by  thermocouples  just  above  the  contact  surface  -  approached  422  K  (300°  F)  at  maxi¬ 
mum  speed.  This  temperature  is  the  practical  operating- temperature  limit  for  drive 
components  made  from  AISI  52100  steel.  The  reason  is  that  above  this  temperature 
AISI  52100  steel  experiences  a  significant  reduction  in  hardness,  which  would  adversely 
affect  fatigue  life  (ref.  12).  A  bearing  steel  with  good  hot-hardness  retention,  such  as 
AISI  M-50,  is  recommended  for  prolonged  sun- roller  speeds  above  73  000  rpm.  The 
average  temperatures  of  the  planer-bearing  inner  race  (fig.  11)  were  only  about  22  K 
(40  deg  F)  above  the  oil  inlet  temperature  at  the  maximum  test  conditions. 

The  sun  roller,  planet  bearings,  and  housing  of  the  reducer  seemed  to  operate 
slightly  cooler  (<3  percent  on  an  absolute  temperature  basis)  than  the  corresponding 
components  in  the  increaser  (figs.  10  to  12).  The  temperature  differences  were  rela¬ 
tively  small,  in  part  because  of  the  slightly  lower  reducer  oil  inlet  temperature 
(~3  K  (5  deg  F)). 

The  effects  of  input  power  and  operating  speed  on  the  temperature  rise  across  the 
cooling  oil  are  shown  in  figure  13.  As  would  be  expected  from  the  power- loss  measure¬ 
ments,  a  change  in  operating  speed  had  a  greater  effect  on  oil  temperature  rise  then 
did  a  change  in  transmitted  torque. 

The  oil  temperature  rises  of  the  reducer  and  increaser  were  comparable  at  sun- 
roller  test  speeds  above  40  500  rpm.  However,  at  lower  test  speeds,  the  reducer's 
oil  temperature  rise  was  approximately  2  K  (3.5  deg  F)  greater  than  the  inereaser's 
at  12  000  and  24  000  rpm.  These  differences  are  indicative  of  slightly,  but  not  signif- 
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icantly,  higher  power  losses  for  the  speed  reducer  as  calculated  from  the  heat-balance 
analysis  detailed  in  appendix  A  and  depicted  graphically  in  figure  4. 


Holler  Motions 

As  previously  mentioned,  the  sun  roller  and  first  row  of  planet  rollers  are  free 
floating  and  rely  on  contact  with  adjacent  rollers  for  location.  Radial  positioning  of 
the  roller  cluster  depends  primarily  on  the  location  and  spacing  of  the  reaction  bearings 
in  the  second- row  of  planet  rollers.  Little,  if  any,  positioning  is  provided  by  the  ring 
roller  through  its  spline  connection  with  the  low- speed  input- output  shaft.  Multiroller- 
cluster  radial  stability  is  discussed  in  detail  in  reference  3. 

Axial  roller  stability  of  the  sun  roller  and  the  first  row  of  planet  rollers  was  pro¬ 
vided  by  special,  tapered,  convex-concave  roller  contacts  that  were  designed  in  accord¬ 
ance  with  the  criteria  of  reference  13.  These  contoured  surfaces  greatly  minimized 
axial  roller  motions  without  the  need  for  roller  flanges  as  an  axial  restraint.  Roller 
flanges  not  only  are  susceptible  to  damage  from  high  differential  sliding  velocities, 
but  also  are  a  source  of  appreciable  power  loss. 

Proximity  probes  were  installed  in  the  test  drives  to  monitor  roller  motions  under 
a  variety  of  operating  conditions.  External  proximity  probes  were  located  radially  at 
the  neck  of  the  sun  roller  near  the  coupling,  and  internal  probes  were  located  axially 
at  the  end  of  the  sun  roller.  The  first  and  second  rows  of  planet  rollers  operated  very 
stably  (less  than  0.05-mm  (0.002- in. )  peak-to-peak  motion)  throughout  most  of  the 
parametric  tests.  Representative  time  traces  of  sun- roller  motions  at  a  nominal 
speed  of  56  500  rpm  are  shown  in  figure  14.  Total  peak-to-peak  motions  were  0. 10 
and  0. 15  mm  (0. 004  and  0. 006  in. )  radially  and  0.  05  and  0. 10  mm  (0.  002  and  0.  004  in.) 
axially  for  the  increaser  and  reducer,  respectively. 

The  increaser's  sun  roller  operated  very  smoothly,  but  the  reducer's  sun  roller 
exhibited  some  minor  oscillations  at  the  low-speed  output-shaft  frequency  of  65  Hz. 
These  oscillations  are  probably  due  to  slight  misalinement  (approximately  0.08°)  be¬ 
tween  the  ring- roller  axis  and  the  output-shaft  axis.  This  causes  the  drive  cluster  to 
cock  slightly  and  to  nutate  at  the  output- shaft  speed.  Subsequent  measurements  of 
axial  motion  at  the  ring- roller  face  confirmed  this  hypothesis.  Improvement  in  the 
alinement  and  piloting  of  the  reducer's  ring- roller  spline  should  alleviate  much  of  this 
motion. 

The  high-frequency  oscillations  shown  in  figure  14  occur  at  a  sun- roller  rotational 
frequency  of  approximately  940  Hz.  The  radial  motions  at  this  frequency  are  largly 
due  to  unbalance  of  the  high-speed,  flexible  gear-coupling  together  with  a  small  amount 
of  roller  surface  runout.  Although  the  high-speed  coupling  was  dynamically  balanced 
on  a  fixture  to  106  dyne-cm  (0.0015  oz-in.),  unavoidable  misalinement  between  the 
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sun- roller  spin  axes  and  the  necessary  radial  clearance  between  male  and  female 
spline  teeth  undoubtedly  contributed  to  the  unbalance  experienced  during  operation. 

For  vibration- sensitive,  high-speed  applications,  in-place  dynamic  balancing  techni¬ 
ques  or  more  sophisticated  coupling  methods  are  recommended. 

SUMMARY  OF  RESULTS 

Parametric  tests  were  conducted  on  two  high-speed,  14.7-to-l  fixed- ratio  Nasvytis 
Multiroller  Traction  Drives.  The  test  drive  was  arranged  in  a  single-stage,  planetary 
configuration  with  two  rows  of  stepped  planet- rollers  between  the  concentric  sun  and 
ring  rollers.  It  was  equipped  with  an  automatic  roller- loading  device  that  maintained 
a  constant  design  traction  coefficient.  Two  drives  were  tested  concurrently  in  a  back- 
to-back  arrangement.  A  synthetic,  cycloaliphatic  traction  fluid  was  used  as  the  test 
lubricant.  Test  parameters  included  nominal  sun- roller  speeds  to  73  000  rpm  and  in¬ 
put  power  levels  to  127  kW  (170  hp) .  Three  design  traction  coefficients  -  0.039,  0.048, 
and  0.  057  -  were  tested.  The  following  results  were  obtained: 

1.  The  test  drives  operated  smoothly  and  efficiently  throughout  the  full  range  of 
test  conditions.  A  nominal  peak  efficiency  of  95  percent  was  measured. 

2.  Transmission  efficiency  increased  with  torque.  The  effect  of  operating  speed 
on  efficiency  was  small. 

3.  Varying  the  design  traction  coefficient  had  a  relatively  small  effect  on  overall 
efficiency,  creep  rate,  or  operating  temperatures.  However,  with  a  design  traction 
coefficient  of  0. 057,  the  test  drives  showed  signs  of  impeding  slip  at  high  torque  when 
operated  at  sun- roller  speeds  above  57  500  rpm. 

4.  The  measured  speed  efficiency  of  the  test  drives  exceeded  98. 6  percent.  Thus, 
the  total  creep  rate  across  the  three  traction  contacts  was  limited  to  1. 4  percent. 

Lewis  Research  Center, 

National  Aeronautics  and  Space  Administration, 

Cleveland,  Ohio,  August  17,  1978, 

505-04. 
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APPENDIX  A 

TEST-DRIVE  PERFORMANCE  CALCULATIONS 
Speed  Efficiency  and  Creep 

Creep,  where  the  test-drive  speed  ratio  changes  with  a  change  in  torque,  repre¬ 
sents  a  power  loss  in  traction  drives.  The  definition  of  speed  efficiency  is 


_  Measured  output  speed  x  lQ0 
Design  output  speed 


Referring  to  figure  15(a) 


and 


S3 


S)1  S4  x 


x  100 


DI^ 

.  «1 


TJS)1  = - — X  100 


DI^ 


(Al) 


V 


s,  2 


DR9 

T7  2  = - -  x  100 

S’2  R2 


(A2) 


Thus  the  speed  efficiencies  can  be  expressed  as  a  ratio  of  the  measured  speed  ratio  to 
the  design  speed  ratio.  The  design  ratio  is  the  geometric  roller  radius  ratio  under  load 
conditions . 

Creep  is  the  percent  change  in  the  output  speed  from  the  design  output  speed. 


CREEP1  =  (1  -  ??g  J  x  100  (A3) 

CREEP,  =  (1  -  m  ,)  x  100  (A4) 

**  S , 
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Power  Loss 


To  determine  efficiency  in  square- loop  testing,  the  test- stand  power  loss  when 
the  test  drives  are  in  place  is  compared  with  the  test- stand  power  loss  when  the  drives 
are  removed  and  replaced  by  a  connecting  dummy  shaft.  Referring  to  figure  15(b),  the 
test- stand  power  losses  HP7  are  measured  at  the  drive- motor  input.  The  gearbox 
power  losses  CALHP1  and  CALHP2  are  determined  as  a  function  of  speed  and  torque 
from  calibration  tests  with  the  test  drives  removed.  Since  torque  is  measured  only 
at  the  HP2  and  HP7  locations,  it  is  necessary  to  do  a  power  flow  analysis  to  arrive 
at  HPLOSS. 

H PLOSS  =  HP4  -  HP2 

=  (HP5  +  HP7  -  CALHP1)  -  HP2 
=  (HP6  +HP8)  +  HP7  -  CALHP1  -  HP2 


=  (HP2  -  CALHP2)  +HP8  +  HP7  -  CALHP1  -  HP2 


HPLOSS  =  HP8  +HP7  -  CALHP1  -  CALHP2 


The  only  unknown  quantity  is  HP8,  which  is  found  as  follows: 

HP8  =  K[  TORQ6  (S5  -  S6» 

TORQ6  =  1  ilE®  =  I  (HP2  -  CALHP2) 
K  SG  K  S6 


Speed  is  accurately  measured  at  S4  and  S2: 


2.765 


S5  -  SG  =  — ~  — 
2.765 


(All)) 


After  substituting  equations  (AS)  to  (A10)  into  equation  (A7),  the  hydraulic  torque- motor 
input  power  can  be  determined  as  follows: 

UPS  =  <-HP1=..calHP2)(S*  -  S2)  ( 


rhuc  the  total  power  loss  for  both  units  HPLOSS  can  be  found  from  equation  (AG)  by 
using  equation  > A 1 1 )  and  the  measured  variables. 
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Thermal- Power- Loss  Balance 

The  square-loop  method  of  testing  does  not  provide  a  direct  method  to  determine 
individual  test-drive  power  loss.  Often  an  average  efficiency  is  assumed  for  both  test 
drives  based  on  the  calculated  H  FLOSS.  If  the  efficiencies  of  the  drives  are  high,  this 
will  be  a  good  approximation.  If  the  efficiencies  are  low,  as  in  part-load  testing,  the 
input  power  levels  to  each  drive  will  be  significantly  different  and  identical  efficiencies 
would  not  be  anticipated.  Since  much  of  the  testing  reported  herein  was  done  at  part¬ 
load  conditions,  a  method  of  splitting  the  total  power  loss  on  the  basis  of  heat  rejection 
to  the  cooling  oil  and  convection  to  the  atmosphere  was  developed.  It  is  assumed  that 
the  percentage  of  the  total  power  dissipated  in  each  test  drive  is  in  the  same  propor¬ 
tion  as  the  percentage  of  total  heat  lost  by  each  drive  to  the  cooling  oil  and  the  atmo¬ 
sphere.  Referring  to  figure  15(c)  the  thermal  horsepower  THP  is  defined  as  follows: 

THP  =  QHP  +  QCONV 

where 

QHP  heat  rejected  to  cooling  oil 
QCONV  heat  convected  to  atmosphere 
RQHP  percentage  of  power  lost  in  increaser 

THP. 

RQH  P  = - - -  (A12) 

THPj  +  THP2 

The  power  lost  in  the  increaser  is 

HPLOSj  =  H FLOSS  x  RQHP  (Al3) 

and  that  for  the  reducer  is 

HPLOS9  =  HPLOSS  -  HPLOSj  (Al4) 

Overall  Efficiency  and  Torque  Efficiency 

From  the  power- loss  split  from  equations  (A12)  and  (A13)  it  is  now  possible  to  ob¬ 
tain  the  overall  efficiencies  as  follows-. 

HP4  =  HP2  +  HPLOSS 

HP3  =  HP4  -  RQHP  x  HPLOSS 
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15 


0,1 


_  HP3 
HP4 


(A15) 


o,2 


HP2 

HP3 


Torque  efficiency  is  defined  as  follows: 


so  that 


and 


\2 


where  rjg  l  and  qg  2  are  determined  from  equations  (Al)  and  (A2). 


(A16) 


(A17) 


(A18) 


Example  Calculation 


As  an  example,  a  test  condition  consisting  of  an  increaser  input  speed  of  1666  rpm 
ana  a  reducer  output  torque  of  284  N-m  (2507  in- lb)  are  used.  Refer  to  figure  15(b). 


Measured  quantities: 

52  =  1632  rpm 

53  =  24  270  rpm 
=  1666  rpm 

TCRQ2  =  284  N-m  (2507  in-lb) 
HP2  =  48  42  kVV  (64.  9  hp) 

HP7  =  9  97  kW  (13.33  hp) 


Derived  quantities: 

CALHP1  =  2. 78  kW  (3.  72  hp) 
C ALH  P2  =  2 . 63  kW  (3 .  52  hp) 
Til Px  =  2.81  kW  (3.  76  hp) 

Til  Pc,  =  3.29  kW  (4.41  hp) 
DRj  =  14.69 
DU,  =  14.74 


S3 


’S'  1  S4  \  DR, 


24  270 


1666  x  14.69 


=  0.  992,  or  99.  2  percent 
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HP8 


HPLOS. 
HP4  = 
HP3  = 


SO  I 

1 1  .,  = - -  =t - -  =  0.  991,  or  99. 1  percent 

L  \  I1 1 27 

\DR2j  \  1-4-74/ 

CREEP1  =  1  -  0.  992  =  0.  008,  or  0.  8  percent 
CREEP9  =  1  -  0.  991  =  0.  009,  or  0.  9  percent 
HPLOSS  =  HP8  -  CALHP1  -  CALHP2  +  HP7 
=  HP8  -  2.78  -  2.63  +  9.  94 


=  HP8  +4.53 

nrg  _  (HP2  -  CALHP2)(S4  -  S2) 

S2 

=  <^^2^,631(1^66-^631)  -  0  983  kW  (1>31  hp) 
1631 


HPLOSS  =  0  .  983  +  4  .  53  =  5.51  kW  (7.37  hp) 


RQH  P  =  ■ 


THP, 


2.81 


THPj,  +  THP2  2.81  +  3.29 


=  0.46 


=  RQHP  x  HPLOSS  =  0.46  x  5. 51  =  2.54  kW  (3.40  hp) 


HP2  +  HPLOSS  =  48.42  +  5.  51  =  53.93  kW  (72.11  hp) 


HP4  -  HPLOS^  =  53. 93  -  2. 54  =  31.39  kW  (68.71  hp) 

n  =  =  51  -?J)  =  0.  953.  or  95. 3  percent 

°- 1  HP4  53.94 

_  HP2  _  -i8 . 42  =  0.  942,  or  94.  2  percent 
°'2  HP3  51.39 

=  - — —  =  0.  961 ,  or  96. 1  percent 

1,1  i)  .  0.992 

s,  1 


=  — ; - -  =  0.  951,  or  95.  i  percent 

ns  2  0. 991 
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APPENDIX  B 


1 

f 


CALHP1 

CALHP2 

CREEP 

DR 

HA 

HPLOSS 

HPLOS 

HP2 

HP3 

HP4 

HP5 

HP6 

HP7 

HP8 

K 

QCONV 

QHP 

R 

RQHP 

STM 

52 

s;: 

s-t 

53 
M) 


SYMBOLS 

gearbox  1  power  loss,  kW  (hp) 
gearbox  2  power  loss,  kW  (hp) 
test-drive  creep,  percent 
test-drive  design  ratio 

test-drive  effective  convective  heat-transfer  coefficient  multiplied  by  sur¬ 
face  area,  kW/K  (hp/°F) 

total  power  loss  in  both  test  drives,  kW  (hp) 

power  loss  in  one  test  drive,  kW  (hp) 

reducer  output  power,  kW  (hp) 

reducer  input  power  or  increaser  output  power,  kW  (hp) 
increaser  input  power,  kW  (hp) 
shaft  power  level  at  location  5,  kW  (hp) 
shaft  power  level  at  location  6,  kW  (hp) 
drive- motor  power,  kW  (hp) 
torque-motor  power,  kW  (hp) 

constant  defined  in  eq.  (A7),  - -  j - - 

N-m-  rpm  \  in-lb-  rpm 

convective  heat  loss  to  atmosphere  from  test  drives,  kW  (hp) 
neat  loss  to  cooling  oil  from  test  drives,  kW  (hp) 
measured  drive  ratio 
fraction  of  HPLOSS  from  increaser 
torque-motor  rotational  speed,  rpm 
reducer  output  speed,  rpm 

reducer  input  speed  or  increaser  output  speed,  rpm 
increaser  input  speed,  rpm 
shaft  speed  at  location  5,  rpm 
shaft  speed  at  location  6.  rpm 
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TUP 

TORQ6 

TR 

TSRAV 

JkT 

% 

Subscripts: 

1 


thermal  horsepower,  includes  heat  loss  to  cooling  oil  and  convective  heat 
loss  to  atmosphere,  kW  (hp) 

shaft  torque  at  location  6,  N-m  (in- lb) 

room  temperature,  K  (°F) 

average  test-drive  surface  temperature,  K  (°F) 

test-drive  cooling  oil  temperature  rise,  K  (deg  F) 

overall  efficiency 

speed  efficiency 

torque  efficiency 

available  traction  coefficient 

design  traction  coefficient 

increaser 

reducer 
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TABLE  I.  -  PROPERTIES  OF  SYNTHETIC  CYCLOALIPHATIC 


TRACTION  LUBRICANT 


Additive . 

. Oxidation  inhibitor 

Kinematic  viscosity,  cm2/sec,  at- 

244  K  (-20°  F) . 

. 

.  31  600x10" 2 

311  K  (100°  F) . 

.  .  .  23xl0"2 

372  K  (210°  F) . 

. 

.  .  3. 7x10" 2 

Flashpoint,  K;  °F . 

.  .  422;  300 

Fire  point,  K;  °F . 

.  .  435;  325 

Autoignition  temperature,  K;  °F . 

.  .  580;  600 

Pour  point,  K;  °F . 

.  .  230;  -45 

Specific  heat  at  311  K  (100°  F),  J/kgK;  Btu/lb-°F  . 

.  .2130;  0.51 

Thermal  conductivity  at  311  K  (100°  F),  J/m-  sec-K; 

Btu/hr- ft- °F  .  . 

.  0.10;  0.060 

Specific  gravity  at  311  K  (100°  F) . 

. 

....  0.886 

CONSTANT  OPERATING  PARAMETERS 


Oil  inlet  temperature  to  increaser,  K  (°F)  . 

.  .  .339 

(150) 

Oil  inlet  temperature  to  reducer,  K  (°F)  .  . 

...  336 

(145) 

Oil  flow  to  test  drives,  liter/ min  (gal/ min)  . 

.8.33 

(2.2) 

Oil  flow  to  sun  rollers,  llter/mln  (gal/ min) . 

.5.30 

(1.4) 

Sun- roller  jet  oil  pressures,  kPa(psig).  -  - 

...  276  (40) 

Oil  inlet  temperatures  to  gearbox,  K  (°F) .  • 

...  327 

(130) 

Rina  "Oder 


Automatic 
loaai  nq 
mechanism 


hearings 


‘lenent 

C-73-73 


Figure  1.  -  Geometry  ot  test  drive. 


torque  loss  at  input  shaft,  m-lb 


I 


oL  i _ l _ I _ I _ I 

O  20  000  40  000  60  000  80  000 

Input  speed,  rpm 


tbl  Reducer.  100-Percent  input  torque,  19  N-m  (168  in-lb). 


Figure  <1.  -  Torque  loss  at  input  straff  as  function  of  input  speed  tor  torque  levels  of  25  and 
70  percent.  Design  traction  coefficient,  0.048. 
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Overall  efficiency,  percent 


Input  speed, 
rpm  (percent) 

O  5000  (100) 


Figure  5  -  Test-drive  overall  efficiency  as  function  of  input  torgue  for  five  input 
speeds.  Design  traction  coefficient.  0. 048. 


26 


Xl^Tser.  100-Percent  input  torque.  285  N-m  (2520  in-lb). 


O  73000(100) 
O  57  750  (77) 
n  «  250  (55) 
q  24  750  (33) 
A  17  750  117) 


20 


40 


to 


80 


Inpul  torque  percent 
lb)  Reducer.  100-Percent  input  torque.  19  N-m  (168  in  -W. 
Test-drive  speed  efficiencies  as  function  ot  input  toraue  for  five  input  speeds. 


X 

100 


design  traction  coefficient 


Average  planet-bearing 

Average  housing  skin  inner-race  temperature, 

temperature,  °F  °F  Sun-roller  temperature. 


Sun- roller  speed,  rpm 


figure  10.  -  Sun-roller  surface  temperature  as  function  of  sun-roller  speed 
and  torque.  Design  traction  coefficient.  0.048;  sun-roller  oil  lion  rate. 

5. 3  litersimin  <1. 4  gal/min). 


Sun-roller  speed,  rpm 


figure  11.  -  Average  planet-bearing  inner-race  temperature  as  function  ot  sun-roller 
speed  and  torque.  Design  traction  coefficient.  0.048;  bearing  oil  flow  rate.  2. 5 
liters/min  (0.65  gal/minl. 


figure  12.  -  Housing  skin  temperature  as  (unction  of  sun-roller  speed  and  torque. 
Design  traction  coefficient.  0.048. 
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16  Abstract 

Tests  were  conducted  to  determine  the  operational  and  performance  characteristics  of  a  high¬ 
speed,  14.  7-to-l  fixed- ratio  Nasvytis  Multiroller  Traction  Drive  at  speeds  to  73  000  rpm  and 

power  levels  to  127  kW  (170  hp).  The  test  drive  was  arranged  in  a  single-stage,  planetary  con¬ 
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REYNOLDS  ALUMINUM 

RESEARCH  AND  DEVELOPMENT 

1979  August  14 


Mr.  Costa  T.  Brown 
Advanced  Technology,  Inc. 

7923  Jones  Branch  Drive 
McLean,  Virginia  22102 

Dear  Mr.  Brown: 

Enclosed  is  the  information  for  your  Advanced  Amphibian 
Vehicle  Potential  Application. 

I  have  also  enclosed  several  Reynolds  booklets  which  may 
be  of  interest. 


Sincerely  yours, 


B.  F.  Holcombe 

Contracting  Officer 

Product  Development  Division 


djw 
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ADVANCED  AMPHIBIAN  VEHICLE  POTENTIAL  APPLICATIONS 


COMPANY  NAME 

Reynolds  Metals  Company 
Product  Development  Division 
5th  &  Cary  Streets 
Richmond,  Virginia  23219 

POINT  OF  CONTACT  &  PHONE  NO. 

(804) 788-7563 
B.  F.  Holcombe 
Contracting  Officer 

DESCRIPTION  OF  TECHNOLOGY,  COMPONENT,  ETC. 

Aluminum  products,  ingot,  sheet,  plate,  extrusions, 
armor,  rod,  bar,  and  wire. 


CLAIMS 

Light  weight  construction. 
Corrosion  resistance. 
Excellent  armor  protection. 

ENGINEERING  STATUS 


Readily  available. 


EARLIEST  DATE  FOR  FEASIBILITY  DEMONSTRATION 


DEVELOPMENT  COSTS  (INCLUDING  FEASIBILITY  DEMONSTRATION) 


OTHER  IMPORTANT  FACTORS 


i 


Alvis  Limitad 

Leyland  Special  Products 

AGL/PH/79351 


Holyhead  Road. 

Coventry  CV5  8JH. 

Telephone:  Coventry  (0203)  26501. 
Telex  :  31459 

Cables:  Alvis  Coventry  Telex. 

27  August  1979 


BY  AIR  MAIL 


Mr  Costa  T  Brown 
Advanced  Technology  Inc 
7923  Jones  Branch  Drive 
Suite  500 

McLEAN  Virginia  22102 
USA 


Dear  Mr  Brown 

Thank  you  for  your  letter  of  6  August  197  9,  which  was  received  here  on 
21  August  197  9. 

We  are  extremely  interested  in  the  project  for  the  US  Marine  Corps, 
and  I  have  pleasure  in  enclosing  your  proforma,  duly  completed.  The 
items  marked  "A"  refer  to  our  current  range  of  vehicles,  the  CVR(T) 
series;  those  marked  "B"  refer  to  the  FV600  series,  which  was  in 
production  from  1952-1973,  of  which  Stalwart  was  a  member.  The 
FV600  series  is  perhaps  of  passing  interest  only,  but  serves  to  indicate 
our  involvement  with  armoured  and  amphibious  vehicles  during  the  past 
thirty  years. 

I  am  sending  separately  a  set  of  pamphlets  giving  details  of  the  members 
of  the  CVR(T)  series. 

There  is  one  addition  to  the  family  which  is  still  being  developed  -  a  large 
personnel  carrier.  We  shall  be  happy  to  give  you  further  information  on 
this  vehicle. 

I  understand  that  Mr  Cole  of  the  UK  Defence  Supply  Office  has  already 
been  in  touch  with  Mr  Tarkir,  and  has  expressed  our  interest.  Also, 

I  hope  that  Brigadier  Hopkinson,  our  Military  Sales  Manager,  who  will 
be  visiting  the  US  next  month,  will  be  able  to  make  contact  with  you. 

I  understand  that  you  might  consider  coming  to  Alvis  for  discussions. 

You  would  be  most  welcome,  and  we  would  like  the  opportunity  of  showing 
you  some  of  our  activities. 


Yours  sincerely 


ADVANCED  AMPHIBIAN  VEHICLE  POTENTIAL  APPLICATIONS 


COMPANY  NAME 

Alvis  Limited 
Holyhead  Road 
COVENTRY  CV5  8  JH 

POINT  OF  CONTACT  &  PHONE  NO. 

Major  General  A  G  Lewis  -  Managing  Director 
Telephone:  Coventry  595501 

DESCRIPTION  OF  TECHNOLOGY,  COMPONENT,  ETC. 

A:  Family  of  7  highly  mobile  light  armoured  vehicles  (the  CVR(T)  series). 

B:  Stalwart  HMLC  (part  of  Saladin,  Saracen  series) 

CLAIMS 

A:  Exceptional  mobility.  Weight  c.  8  tons.  Amphibious  capability. 

B:  High  mobility,  amphibious  5-ton  load  carrier. 

ENGINEERING  STATUS 

A:  In  service  with  UK  and  several  overseas  countries'  armed  forces. 

B:  In  service  with  British  and  Swedish  armed  forces. 

EARLIEST  DATE  FOR  FEASIBILITY  DEMONSTRATION 

A:  Has  been  demonstrated  in  USA.  Further  demonstrations  can  be  arranged 

with  UK  MOD/Alvis. 

B:  Demonstrated  1963  in  USA. 

DEVELOPMENT  COSTS  (INCLUDING  FEASIBILITY  DEMONSTRATION) 

A:  Fully  developed.  Demonstration  costs  to  be  agreed. 

B:  Fully  developed. 

OTHER  IMPORTANT  FACTORS 

A:  In  full  production.  More  than  2,  090  have  been  produced. 

B:  No  longer  in  production.  Approx  1.000  produced. 
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DAIMLER-BENZ  AKTIENGESELLSCHAFT 


STUTTGART-UNTERTORKHEIM 


Daimler-Benz  Aktier*gese!!schatt  •  Posttach  202  •  7000  Stuttgart  60 

Mr.  Costa  T.  Brown 
Advanced  Technology  Inc. 
7923  Jones  Branch  Drive 
Suite  500 

McLean,  Virginia  22102 


Ihre  Zeichen.  Ihre  Nachncht  vom 


Unsere  Zeichen 


EVB  karp-rau 
Karp inski 

Be*  Antwort  b.tte  angeben 


Te!e<on-  Durchwahl 

(0711)302- 

2680 


7c'ex-Durch*ant 

7210- 


20.9.79 


Amphibian  vehicle 


Dear  Mr.  Brown, 

thank  you  for  your  letter  of  August  6.  We  have  pleasure 
in  forwarding  you  enclosed  informations  of  the  armored 
truck  6x6  "Transportpanzer  1". 

The  amphibious  truck  "TPZ  1”  has  been  developed  by  order 
of  the  Federal  Office  for  Military  Technology  and 
Procurement  and  belongs  to  the  wheeled  armored  follow¬ 
up  generation  of  the  German  Armed  Forces. 


Yours  sincerely 

Daimler-Benz  Aktiengesellschaf t 


1  '  / 

Mayenburg  1 


Schwar zrocV  >  ^ 


hTY 


SiU  (Jer  Geso’lschaft  S'^dgart.  Pec  c-tergencf’.f  S'ut'gart.  HPS-Nr.  1 73 
Vors»!/ercJer  des  AulSicMsrats  Dr.  rer.  pol .  W.l'ried  Guth  -  Vorst.md*  Prcf  Dr  jur.  Joacnim  Zahn.  Vo^itft  ,  '  hv'nz  C  H:rre 
Dr.  ;ur.  P.cr.ard  Or.CA-a’d.  Df  jur  Gorhcd  Pr:nz;  Edra-d  P.-r-jter.  He  nz  Schmidt.  s'.c,:'ver?re:c*r.d  W~  r cr  G r c-i* sc Kv.erct 


\'jS  VOLKSWAGEN 

OF  AMERICA  ,INC. 


September  7,  1979 


e.vooa  C  Ms 
New  Je'sev  07632’ 
Nj  201/894-50CO 
NY  212/736-5510 
Cacie  Foikscar 
Englewood  C.  ftS 
Wesiem  Union 
Telex  135-427 


Costa  T.  Brown 
c/o  ADTECH 

7923  Jones  Branch  Drive 
Suite  500 
McLean,  VA  22102 

Dear  Mr.  Brown: 

Thank  you  for  your  recent  letter  directed  to  Volkswagenwerk  AG 
in  Germany  requiring  information  about  characteristics  and  possible 
details  of  an  amphibious  vehicle. 

Volkswagenwerk  AG  is  not  participating  in  the  design  construction 
or  manufacturing  of  amphibious  vehicles  and,  therefore,  we  cannot 
provide  you  with  the  kind  of  contributions  you  have  asked  for. 
Therefore,  this  corporation  is  not  in  a  position  to  provide  you 
with  up-to-date  details  in  this  field  of  activity. 

Be  that  as  it  may,  we  certainly  appreciate  your  interest  in  our 
product . 


F.W.  Doerr 

Customer  Assistance  Manager 

/gf 
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STEYR 


-DAIMLER  -  PUCH 

aktiengesellschaft 

WeRKE  GRAZ 

STEYR-OAIMLER-PUCH  Ak1i.ngo«llschaft.  W.rk.  Gro*.  PotH.  823  A  8011  Gro»  Drohl-ort:  Ptrnruf:  F.rmc(ii-«ib«r: 

- — - - - - - ;  Sl.yrpuch  Grot  G»tu  42  5  21  S.ri.  31315  ltd  p— a  a 

Advanced  Technology  Inc. 

7923  Jones  Branch  Drive  AIR 

Suite  500 

McLean,  Virginia  22102 
USA 


lhr«  Z«ich«n 


Ihrt  Nachricht  *om 


Urt*«r#  Z«ich*n 

GVG/GE 


Graz. 

August  31,  1979 


Dear  Sirs: 


Reference  is  made  to  your  letter  of  August  6th  in  which  you 
indicated  that  you  are  working  on  a  project  involving  an 
advanced  amphibian  vehicle  for  the  U.S.  Marine  Corps. 

Unfortunately,  we  cannot  be  of  help  to  you,  since  the  Pinzgauer 
cross-country  vehicle  which  is  produced  by  us  was  not  con¬ 
ceived  as  an  amphibian  vehicle  and  its  construction  would 
not  permit  an  appropriate  modification  of  the  design. 

We  regret  that  we  cannot  be  of  service  to  you  and  remain, 


Sincerely  yours, 


STEYR  DAIMLER  PUCH 
Ak  tier.gesellschaf  t 


(i.V.  Herud) 


(l.A. 


Gettler) 


Enclosure  (2) 


VO/PER  THORNYCROFT  (UK)  LIMITED 

PAULSGROVE  •  PORTSMOUTH  •  P06  4QA 


TELEPHONE:  COSHAM  (0701S)  79481  TELEX:  86115  VT  PSTH(G)  CABLES:  REPSOV  PORTSMOUTH 


OUR  REF:  YOUR  REF: 


20th  August,  1979 


Advanced  Technology  Inc, 
7923  Jones  8ranch  Drive, 
Suite  500, 

McLean,  Virginia  22102, 
USA. 


Dear  Sirs, 


Thank  you  for  your  letter  of  6tn  August  1979,  enquiring  as 
to  our  interests  in  participating  in  the  Marine  Corps  advanced 
surface  mobility  program. 

I  expect  you  know  that  our  Company  is  a  ship  and  hovercraft 
design  and  build  organisation,  and  we  try  to  avoid  getting  involved 
in  too  many  consultancy  type  projects.  As  it  seems  unlikely  that 
we  would  be  able  to  sell  our  products  in  the  United  States  of 
America,  for  this  program  we  regret  that  we  must  decline  your 
invitation,  as  it  does  not  appear  that  any  of  our  projects  would 
be  particularly  suitable. 


Yours  faithfully, 

VOSPER  THORNYCROFT  (UK)  LIMITED 


I 


\  , 


,  A.  L.  Dorey 
Technical  General  Manager 


^  Sar 
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JC3  SALES  LTD 


Rocester  Staffordshire  England  ST  1 4  5JP  ,0'J' 

Telephone  Rocester  (0889)  590312  Telex  36154  0 

caie  28th  August  1979 


Advanced  Technology,  Incorporated, 
7923  Jones  Branch  Drive, 

Suite  500, 

McLean , 

Virginia  22102, 

USA. 


For  the  attention  of  Costa  Brown 


Dear  Sir, 

Thank  you  for  your  letter  of  6th  August  asking  for  any  information 
we  may  have  to  help  you  with  your  investigation.  Unfortunately, 
we  do  not  have  any  information  which  would  be  of  us  to  you. 


Yours  faithfully, 


A  R  BAGGER 
Product  Manager 
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MAGIRUS-DEUTZ  AG  Ulm,  August  28th,  1979 

DER  VORSTANO 


Advanced  Technology,  Inc. 
Att.  Mr.  Costa  Brown 
7923,  Jones  Branch  Drive 

McLean,  Virginia  22102 
U.S.A. 


Dear  Mr.  Brown, 

we  thank  you  for  your  letter  of  6.8.79.  Unfortunately  we  have  to 
inform  you,  that  we  are  at  present  not  realizing  any-one  of  the 
developments,  specified  therein. 


Sincerely, 


/ 


/ 


MAGIRUS-DEUTZ  AG 


(A.  Wunsche) 
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Vickers  Limited  Engineering  Group 


Defence  Systems  Division 


Our  Ref:  TD/RLM/MH 
Adtech  Inc., 

7923,  Jones  Branch  Drive, 

Suite  500, 

Me.  Lean,  Virginia  22102, 

U.S.A. 

For  the  attention  of :  Costa  T. 


Elswick  Works 

Newcastle  upon  Tyne  NE99  1CP 


Telephone  0632  (Newcastle)  738888 

Telegrams  and  Cables 
Vicastrong  Newcastle  upon  Tyne 

Telex  53-104  Vicels  G 
Brown  _ 


11th  September,  1979 


Dear  Mr.  Brown, 

Thank  you  for  your  enquiry  dated  6th  August,  1979 
regarding  the  investigation  you  are  conducting  for  Advanced  Surface 
Mobility  Vehicles. 

It  was  not  clear  to  me  from  your  enquiry  and  the 
attached  application  form  precisely  what  information  we  could  supply 
to  you  to  assist.  In  view  of  this  I  have  attached  for  your 
information  a  draft  scope  showing  this  Company's  capabilities  and 
facilities. 


We  have  a  long  history  of  activity  in  Armoured  Fighting 
Vehicles  of  many  kinds  and  currently  work  in  conjunction  with  the 
British  Ministry  of  Defence  in  the  design  and  manufacture  of 
Armoured  Fighting  Vehicles.  In  addition  we  design  and  make  our  own 
vehicles  for  export  markets. 

If  you  could  let  me  have  a  more  specific  enquiry  we 
would  be  pleased  to  respond. 


Yours  faithfully, 
FOR: 

VICKERS  LIMITED, 


R.L.  MacDonald, 
Technical  Director 
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URGENT 

ATTENTION  MR  COSTA  T.  BROWN 

DULY  RECEIVED  YOUR  LETTER  DATED  AUGUST  6,  1979  ABOUT 
AMPHIBIAN  VEHICLE. 


SF-1201  (RM9) 


OWING  TO  HOLIDAYS  PERIOD  WE  HAVEN’T  BE  ABLE  TO. ANSWER  BEFORE 
WE  WILL  DO  IT  BECAUSE  WE  ARE  INTERESTED. 

REGARDS 

H.  PUGA 

GENERAL  DIRECTOR 

COL  TECHNOLOGY,  7923  500  MCLEAN,  22  102  6,  1979  HAVEN’T 
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154 1  PLANING  SKI  CONVERSION  TO 
STAND-OFF  ARMOR 


1 75 1  Inventor  Floyd  A.  Kinder,  Ridgecrest.  Calif. 

1 7 3 1  Assignee:  The  United  States  of  America  as 

represented  by  the  Secretary  of  the 
Navy.  Washington.  DO 
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1 57  |  ABSTR  ACT 

An  amphibious  vehicle  is  provided  with  pivoted  plates 
on  cither  side  for  movement  between  an  extended  po¬ 
sition  approximately  horizontal  and  a  "folded"  posi 
lion  approximately  vertical  with  respect  to  the  normal 
position  of  the  vehicle  A  third  plate  may  also  be  at¬ 
tached  beneath  and  parallel  to  the  bottom  of  the  vehi¬ 
cle  1  hese  plates  are  so  shaped  that  in  the  extended 
position  they  serve  as  planing  skis  and  are  fabricated 
from  a  material  which  will  afford  armor  protection  to 
the  vehicle  when  the  plates  are  in  the  folded  or  re 
traded  position 

9  Claims,  4  Drawing  Figures 
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ri.AMV;  SKI  CONVERSION  to  STAND-OFF 
ARMOR 

BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  amphibious  vehicles  anti 
mure  particularly  to  amphibious  vehicles  which  are 
used  as  landing  craft  and  most  specifically  to  armored 
assault  craft,  for  example,  for  military  purposes. 

The  present  invention  may  be  advantageously  uti¬ 
lized.  for  example,  with  the  amphibious  cargo  carrier 
disclosed  in  assignee's  prior  U  S  Pat.  No  2.456.542 
issued  Dec.  4.  1948  to  B.  A.  Swcnnes.  Such  assault 
craft  arc  displacement  vehicles  which  are  slow  in  water.  1 5 
having  a  speed  of  around  K  knots. 

SUMMARY 

According  to  the  present  invention  w  ith  the  addition 
of  planing  surfaces  on  cither  side  of  the  craft,  speeds  of  20 
up  to  $0  knots  or  more  may  be  obtainable  depending 
upon  the  payload  Additionally,  these  planing  surfaces 
are  advantageously  constructed  of  anti-hrisance  mate¬ 
rial  and  when  retracted  are  designed  to  act  as  stand-off 
armor  in  the  retracted  position  when  the  craft  reaches  25 
the  beach  and  is  operated  on  land. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG  I  is  front  clcvational  view  of  an  amphibious 
vehicle  according  to  the  present  invention  with  the  30 
planing  skis  extended. 

FIG  2  is  a  view  simil  to  FIG.  I  with  the  planing  skis 
in  retracted  position. 

FIG.  3  is  a  side  elevation  of  the  vehicle  in  the  FIG  I 
configuration:  and 

FIG  4  is  a  side  elevation  of  the  vehicle  in  the  FIG  2 
configuration. 

DESCRIPTION  AND  OPERATION 

The  amphibious  vehicle  generally  indicated  at  10  in  40 
FIG.  I  comprises  a  conventional  amphibious  vehicle 
body  12  to  which  has  been  added  planing  skis  or  plates 
14,  16,  and  18  on  the  right  and  left  sides  of  the  vehicle 
body  and  the  bottom  thereof  respectively.  These  skis  or 
plates  are  connected  to  the  vehicle  body  12  by  means  45 
of  telescoping  hydraulic  struts  20,  22,  and  24  respec¬ 
tively  The  attachment  of  plates  14  and  16  inay  also 
include  hinged  or  sliding  stabilizing  fittings  30  and  32 
respectively. 

When  the  planing  skis  or  plates  14,  16,  and  18  are  50 
extended  as  shown  in  FIG.  1,  they  effectively  form 
planing  ski  surfaces  designed  to  facilitate  the  move¬ 
ment  of  the  vehicle  across  the  water.  Propulsion  is 
accomplished  in  the  usual  manner  by  plates  or  cleats  on 
the  drive  tracks  26,  28  and  steering  is  generally  by  55 
selective  braking  the  drive  tracks.  The  prime  mover, 
the  propulsion  means  and  the  steering  of  these  amphib¬ 
ious  vehicles  may  be  better  understood  by  reference  to 
the  prior  U.S  Pat.  No.  2.456.542  referenced  above. 

In  some  applications  it  may  be  advisable  to  include  60 
propulsion  assist  units  on  the  side  plates  as  indicated  at 
34,  36.  For  example,  expendable  and  jettisonable  reac¬ 
tion  motors  may  be  used  to  accomplish  the  initial  thrust 
necessary  to  boost  the  vehicle  from  the  displacement 
mode  to  the  planing  mode  of  operation. 

FIG  2  shows  the  vehicle  of  FIG.  1  after  it  has 
reached  the  beach  and  is  proceeding  on  land.  The 
plates  14,  16  jnd  18  have  been  retracted  to  a  position 
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spaced  from  and  generally  parallel  to  the  sides  and 
bi'ttom  of  the  vehicle  respectively  jnd  the  tracks  26,  28 
are  engaging  the  ground. 

As  shown  in  FIG  3.  the  forward  ends  of  the  planing 
5  skis  14,  16  and  18  are  curved  slightly  and  are  prefer¬ 
ably  connected  to  the  body  12  by  a  plurality  of  tele¬ 
scoping  haudraulic  struts  as  illustrated  at  20  and  20' 
As  will  be  seen  in  the  FIG.  4  view  of  the  vehicle,  the 
side  plates  when  in  the  retracted  position,  shield  the 
entire  sides  of  the  cargo  area  of  the  vehicle  These  side 
plates  along  with  the  bottom  plate  18  arc  preferably 
constructed  of  anti-brisance  materials  and  form  a 
standoff  armor  that  is  very  effective  against  most  weap 
ons  encountered  from  their  respective  directions  in  the 
usual  landing  operation  In  fact,  this  type  of  armor  may 
be  sufficiently  effective  that  the  normal  armored  sides 
of  the  vehicle  may  be  reduced  in  thickness  and  the  total 
weight  of  the  reduced  sides  and  the  stand-off  armor 
may,  therefore,  compare  favorably  with  the  weight  of 
the  vehicle  wi1  tout  the  planing  skis 
Even  thoug  i  the  reduction  in  the  usual  armored  sides 
might  make  •  le  craft  more  vulnerable  in  approaching 
the  beach.  •'  e  greater  speed  obtainable  with  the  plan¬ 
ing  ski  construction  would  offset  the  danger  by  making 
the  vehicle  less  of  a  target  for  a  shorter  period  of  time 
The  planing  skis  of  course  need  not  be  made  from 
steel  or  other  ferrous  metal  but  may  be  made  from  a 
laminated  plastic  armor  plate  or  the  like  and  may  in¬ 
clude  honeycomb  or  other  similar  construction  which 
will  add  buoyancy  to  the  vehicle  in  the  extended  con¬ 
figuration  when  in  the  marine  environment. 

The  illustration  of  the  planing  ski  and  armor  con¬ 
struction  of  the  invention  in  connection  with  a  purticu- 
jy  lar  vehicle  is  not  intended  to  limit  the  scope  of  the 
invention  to  such  a  vehicle  and  it  should  be  understood 
that  the  arrangement  may  be  equally  applicable  to 
other  vehicles  including  other  propulsion  systems  and 
also  including  surface  effect  vessels. 

What  is  claimed  is: 

1.  In  an  amphibian  vehicle  the  Combination  of  a  wa¬ 
tertight  vehicle  body  having  a  cargo  space  therein, 
means  for  propelling  the  vehicle  either  over  land  or 
through  the  water,  and 

a  plurality  of  planar  plates  of  sheet  material  fastened 
to  portions  of  said  body  for  extension  and  retrac¬ 
tion  with  respect  thereto, 

said  planar  surfaces  including  first  and  second  side 
plates  substantially  coextensive  with  the  sides  of 
the  body  of  the  vehicle  and  being  hinged  thereto 
for  movement  from  a  first  retracted  position 
spaced  from  and  parallel  to  the  sides  of  said  vehicle 
to  a  second  extended  position  wherein  said  plates 
are  orthogonal  to  said  sides  and  substantially  paral¬ 
lel  to  the  bottom  portion  of  the  vehicle  and  copla- 
nar  to  each  other,  and 

a  planar  surface  attached  to  the  bottom  of  said  vehi¬ 
cle  for  movement  between  a  retracted  position 
closely  spaced  from  the  bottom  of  said  vehicle  and 
an  extended  position  which  is  coplanar  with  the 
side  plates  in  their  extended  position. 

2.  The  vehicle  of  claim  I  further  including  said  plates 
being  fabricated  of  an  armor  material  and  in  the  re¬ 
tracted  position  serving  the  additional  function  of 

65  stand-off  armor  protec':on. 

3.  The  vehicle  of  claim  1  further  including  said  plates 
being  fabricated  of  anti  brisance  material  in  a  cellular 
construction  which  adds  boyancy  to  the  vehicle  in  the 
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ABSTRACT  OF  THE  DISCLOSURE 

A  marine  propulsion  system  consists  of  two  pulling 
units,  each  comprising  a  gear  belt  running  in  a  vertical 
oihit  positioned  in  a  longitudinal  channel  in  the  bottom 
ot  the  hull  of  a  ship,  one  unit  to  starboard  and  the  other 
to  port.  The  hull  bottom  also  has  a  longitudinal  cen¬ 
tral  concavity  running  front  bow  to  stern.  The  gear  belts 
have  gear  teeth  on  the  inner  surface  and  many  scoops, 
closely  spaced,  on  the  outer  surface.  Each  belt  is  driven 
by  a  number  of  toothed  drums  positioned  within  the  bell 
otbit  and  meshed  w  ith  the  belt  at  both  upper  and  lower 
orbit  limbs.  Fach  drum  is  driven  by  an  individual  elec¬ 
tive  motor.  The  scoops  draw  water  ftoni  the  bow  and 
impel  it  toward  the  stein  and  toward  the  central  cavity. 


BACKGROUND  OF  THF  INVENTION 

This  invention  relates  to  marine  propulsion  systems. 

Modem  ships  aie  usually  dtiven  by  one  or  more  piopcl- 
lers  of  ihe  screw  tv  located  at  or  neat  the  stern.  The 
piopcllcis  ate  diivcn  by  one  or  sevcinl  large  prime 
movers.  Yihiation  in  these  large  units  is  frequently  con¬ 
siderable.  and  precise  and  rapid  control  of  the  power 
developed  by  a  large  prime  mover  may  be  difficult. 

SUMMARY  OF  THE  INVENTION 

This  invention  is  for  use  on  ships  of  any  sire,  includ¬ 
ing  the  laigtst.  The  invention  provides  a  hull  bottom  con¬ 
taining  a  longitudinal  central  slot  or  channel,  concave 
downward.  The  bottom  also  has  a  pair  of  keels  extending 
dounw.ud  from  the  sides  of  the  hull.  The  bottom  also 
contains  a  pair  of  longitudinal  propulsion  channels,  each 
one  lying  between  a  keel  and  the  central  concavity  and  ex¬ 
tending  for  the  entire  length  of  the  bottom. 

The  invention  provides  two  similar  endless  bells,  one 
in  each  longitudinal  propulsion  channel,  each  rotating  in 
a  vertical  mbit,  at  least  the  lower  limh  of  Ihe  orbit  be¬ 
ing  below  water.  Each  bell  is  provided  with  a  number 
ol  scoops  attached  to  the  external  surface,  the  scoops  be¬ 
ing  angled  s,.  that,  as  the  belt  rotates,  the  scoops  in  the 
lower  limb  of  the  orbit  impel  water  both  toward  the  stern 
and  mward  toward  the  longitudinal  center  line  of  the  hot- 
lorn  and  into  the  central  slot. 

I  Inis,  as  the  scoops  push  the  waler  sternward,  the  reac¬ 
tion  on  the  belt  may  be  said  to  pull  the  ship  foiward. 

W.itci  intake  is  at  the  forward  ends  of  the  two  longi¬ 
tudinal  piopulsion  channels,  which  may  thcicfore  be 
termed  intake  ports. 

The  inner  surfaces  of  the  belts  are  provided  w  ith  teeth, 
thus  forming  gear  belts.  Each  bell  is  supported  and  driven 
by  a  plmality  of  toothed  drums  meshing  with  Ihe  belt; 
each  drum  is  diivcn  by  an  individual  electric  motor.  All 
motors  of  each  belt  are  controlled  in  concert  and  are 
driven  by  a  prime  mover  such  as  a  sicam  turbine  con¬ 
nected  to  an  alternating  current  generaior. 

One  object  of  this  invention  is  to  provide  a  piopulsion 
system  which  reduces  turbulence  below  that  inherent  in 
screw  piopgllcr  systems.  This  is  a  tesult  of  the  much 
greater  coupling  from  machine  to  water  due  to  the  many 
'.oops  siniulianeouslv  in  contact  with  the  waler.  Reduc¬ 
tion  of  tiitbulcnce  and  maintenance  of  laminar  flow-  im¬ 
prove  ctliciency. 
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Anolhcr  object  of  Ihis  invention  is  to  improve  control 
by  employing  many,  relatively  small  electric  motors,  easier 
to  contiol  than  vciy  laige  units,  and  by  making  the  two 
bells  separately  controllable. 

„  Anolher  object  of  this  invention  is  to  reduce  or  elimi¬ 
nate  vibration  because,  instead  of  one  to  four  large  sciew 
propellers,  ihe  voupling  to  the  water  is  provided  by  a 
large  number  of  slowly -moving  scoops. 

BRIEF  DFSCRimON  OF  THE  DRAWING 
10  A  further  understanding  of  the  invention  may  be  se¬ 
cured  from  the  detailed  description  and  the  drawing,  in 
which: 

FIG.  I  is  a  bottom  view  of  the  hull  of  a  ship  designed 
to  contain  a  pair  of  the  pulling  units  of  this  invention. 
•3  FIG.  2  is  a  bow  elevation  of  the  hull  shown  in  FIG.  I. 

FIG.  3  is  a  side  elevation  of  on:  pulling  unit. 

FIG.  4  is  a  plan  view  of  the  pulling  unit  of  FIG.  3, 
viewed  from  above. 

FIG.  5  is  a  cioss  section  of  the  pulling  unit  on  the 
20  line  5-5.  FIG.  3. 

DESCRIPTION  OK  HIE  PREFERRED 
EMBODIMENT 

Referring  now  lo  MG.  I,  the  view  shows  a  how,  II. 
and  a  stem  12.  A  longitudinal  venter  channel  or  slot.  13. 
concave  downward,  has  the  profile  shown  at  13  in  FIG. 
2.  This  channel  mns  from  how  to  stern.  Two  keels,  14 
and  16.  FIGS.  I  and  2.  extend  downward  from  the  sides 
of  the  hull.  Between  keel  14  and  channel  13  there  is  pro- 
vided  a  longitudinal  piopulsion  channel.  17.  extending 
fiom  bow  to  stem  and  . raving  a  downwardly  concave 
cross  section  as  shown  in  FIG.  2.  The  bow  end  of  this 
piopulsion  channel.  IH.  may  be  termed  its  intake  port. 
An  identical  longitudinal  piopulsion  channel.  19.  with  in- 
33  take  port  21.  is  provided  between  keel  16  and  the  center 
channel  13.  Two  identical  pulling  units  uic  provided  in 
the  longitudinal  piopulsion  channels,  as  generally  indi¬ 
cated  in  outline  at  22  and  23. 

One  pulling  unit  is  shown  in  greater  detail  in  EIGS.  3, 
40  4  anil  5.  An  endless  bell  24  is  positioned  lo  rotate  in  a 
vertical  oihit.  and  preferably  has  such  length  as  lo  ex¬ 
tend  over  a  major  p.m  of  the  length  of  the  'hip,  as  indi¬ 
cated  in  FIG.  I.  The  belt  is  provided  on  its  inner  surface 
with  gear  teeth  26  extending  substantially  the  full  width 
43  of  the  bell.  The  hell  carries  a  plmality  of  scoops.  27.  each 
scoop  extending  not  quite  the  full  wiJth  of  the  belt,  leav¬ 
ing  a  space  on  each  side  between  the  end  of  the  scoop 
and  the  edge  of  the  belt.  Each  scoop  is  obliquely  posi¬ 
tioned  on  the  belt  and  has  a  concave  surface  which,  in 
30  the  lower  limb  of  the  orbit,  faces  both  toward  the  stem 
and  toward  the  longitudinal  center  channel. 

The  belt  is  provided  with  two  tensioning  idlers,  28 
and  29,  each  provided  with  gear  teeth  meshing  with  the 
gear  belt.  Fach  tensioning  idler  is  adjustable  and  holds 
the  belt  taut  by  tension  of  sprincs,  as  indicated  at  31 
and  32. 

Within  the  orbit  of  the  belt  there  are  a  plurality  of 
drums,  indicated  in  MG.  3  by  the  five  drums  33.  34.  36. 
37  and  38.  These  drums  are  spaced  closely  together.  Each 
00  drum  has  a  length  substantially  equal  to  the  belt  width, 
and  carries  on  it-,  peiiphery  teeth  extending  longitudinally 
of  the  drum  for  its  entire  length.  These  teeth  are  de¬ 
signed  to  mesh  with  the  belt  teeth  and  the  diuni  diameter 
is  such  that  the  drum  teeth  mesh  with  ihe  gear  hell  in 
i;,-(  boh  Ihe  upper  and  lower  limbs  of  the  orbit  Each  drum 
is  individually  driven  by  an  electric  motor,  as  indicated 
at  39,  41,  42,  43  and  44.  All  of  the  niciors  of  a  pulling 
unit  arc  preferably  controlled  in  concert. 

Between  each  ilium,  in  the  lower  limb  of  the  belt 
-0  orbit,  there  is  an  idler  drum,  indicalej  at  46,  47,  49  and 
49.  These  idler  Jninis  have  as  their  function  the  preven¬ 
tion  of  too  much  water  pressure  going  to  the  lop  of  the 
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FLANK  DRIVE  FOR  PLANING  HULL  AND  ' 
DISPLACEMENT  CRAFT 

This  is  a  continuation  of  application  Ser.  No.  549,558  5 
filed  Mar  17.  1975  and  now  abandoned. 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  as  indicated  to  a  flank 
drive  for  planing  hull  and  displacement  craft,  which  '0 
drive  includes  a  wheel  body  mounted  in  the  crafl  or 
boat  for  driven  rotation  about  a  vertical  axis.  A  plurality 
of  propeller  housings  are  rotatably  disposed  within  the 
w  heel  body.  The  propeller  blades  are  adjustable  and 
move  through  the  water  in  sinuating  lines  at  each  revo-  15 
lution  of  the  wheel  body  As  a  result,  the  propeller 
blades  exert  mainly  flank  forces,  that  is,  forces  trans¬ 
verse  to  the  direction  of  the  boat,  to  the  surrounding 
water 

Screws  are  well  known  as  a  means  for  propelling  ' 
planing  hull  craft  and  high  speed  displacement  crafts, 
but  have  proved  disadvantageous  due  to  their  decreas¬ 
ing  efficiency  at  high  boat  speeds  and  the  high  propeller 
r  p  m  incident  thereto.  j 

The  buoyancy  principal  of  ship  screw  s  as  well  as  that 
of  conventional  vane-screw  propellers  having  a  high 
circumferential  speed  in  relation  to  the  boat  speed  re¬ 
sults  in  a  high  unit  load  on  each  propeller  blade,  and  in 
heavy  turbulent  water,  this  results  in  a  considerable  loss  ^ 
of  propulsion.  This  is  in  marked  contrast  with  the  pres¬ 
ent  invention  which  employs  a  flank  drive  wherein 
more  water  is  seized  athwartships  with  increasing  boat 
speed  thereby  resulting  in  a  low  acceleration  of  the 
water.  jj 

SUMMARY  OF  THE  INVENTION 

The  flank  drive  of  the  present  invention  can  be  used 
either  m  a  single  or  multiple  arrangement  and  is  prefera¬ 
bly  installed  in  the  front  of  the  craft  where  it  would  ^ 
work  in  the  undisturbed  upstream  water  and  not  in  the 
decelerated  water  and  the  boat  rear.  Arranging  the 
flank  drive  in  the  dead  water  of  another  drive  is  also 
possible  and  significant  advantages  would  be  derived 
from  such  arrangement.  45 

The  flank  drive  design  of  the  present  invention  is 
based  on  the  general  vane-screw  propeller  having  a 
w  heel  body  rotatably  inserted  into  the  well  of  the  boat 
bottom,  with  propeller  blades  being  eccentrically  piv¬ 
oted  relative  to  the  wheel  body  axis.  Even  under  full  50 
load  all  propeller  blades  of  the  flank  drives  are  singly 
pivoted  m  rotatable  swiveling  devices  which,  in  turn, 
are  backed  by  a  ring  drive  such  that  the  swiveling 
devices  do  not  re  ibout  their  axes  in  relation  to  the 
boat  53 

For  steering  the  boat,  the  flank  drive  car.  be  rotated 
about  the  wheel  body  axis  by  means  of  an  adjustable 
restoring  drive. 

A  simplified  flank  drive  having  a  lower  efficiency  can 
also  be  i  biain-d  by  means  of  underbalanced  propeller  60 
blades.  In  this  case  of  passive  swiveling  devices,  llic 
surfaces  behind  the  swiveling  axes  of  the  propeller 
blades  are  greater  than  those  m  from  of  the  axes 
wherebv  the  propeller  blades  move  ineffectively  along 
their  sinuating  lines  in  the  upstream  giving  no  propul-  63 
sum  until  the  swiveling  molion  is  stopped  at  the  most 
effective  angle  of  attach  between  the  propeller  blades 
and  their  sinujtmg  lines 
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A  more  efficient  flank  drive  is  obtained  by  means  of 
automatically  controlled  swiveling  devices  which  are 
similar  to  the  common  reversible  propeller  systems  for 
rudder  and  anti-roll  devices  In  this  arrangement,  the 
propeller  blades  are  continuously  positively  pitched  to 
the  most  effective  angle  of  attack. 

If  the  automatic  control  of  the  swiveling  devices 
reverses  the  most  effective  angle  of  attack  of  the  propel¬ 
ler  blades  such  that  the  blades  are  pitched  to  starboard 
instead  of  to  port  during  their  motions  transverse  to  the 
direction  of  travel  of  the  boat,  the  boat  will  stop  or 
reverse  its  heading 

The  automatic  control  permits  the  propeller  blades  to 
be  adjusted  to  different  angles  of  attack,  for  example  a 
larger  starboard  angle  than  port  angle,  even  during  their 
motion  transverse  to  the  boat  heading.  This  arrange¬ 
ment  generates  different  flank  forces  to  both  sides  trans¬ 
verse  to  the  boat  heading  thereby  changing  the  course 
of  the  boat.  Such  change  of  course  can  be  intensified  by 
simultaneously  pitching  all  propeller  blades  to  only  one 
side. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  the  application  drawings, 

FIG.  1A  is  a  fragmentary  side  elevational  view  of 
part  of  the  boat,  showing  the  wheel  body  mounted 
therein; 

FIG.  IB  is  a  fragmentary  top  plan  view  of  the  boat, 
more  clearly  showing  the  guidewheel  and  reversible 
propeller  housings; 

FIG.  1C  is  an  enlarged,  sectional  view  through  a  part 
of  the  propeller  housing; 

FIG.  ID  is  an  enlarged,  partially  fragmented  and 
sectioned  view  showing  in  more  detail  the  construction 
of  the  propeller  housings  and  the  manner  in  which  the 
drive  is  carried  by  the  boat,  and 

FIGS  2A.  2B,  and  2C  are  diagrammatic  representa¬ 
tions  of  the  operation  of  the  flank  drive,  showing  the 
mov  ement  diagrams  of  a  projicller  blade. 

DETAILED  DESCRIPTION  OF  THE 
PREFFERED  EMBODIMENTS 

Referring  now  in  detail  to  the  application  drawing, 
wherein  like  parts  are  indicated  by  like  ref ereo.r  nu¬ 
merals,  the  flank  drive  constructed  in  accordance  with 
the  present  invention  includes  a  wheel  body  2  mounted 
in  the  end  of  a  boat  show  n  fragmrntarily  at  1  The  body 
2  is  rotated  about  us  central  vertical  axis  30  by  means  of 
a  propulsion  motor  3.  shown  in  dashed  lines  in  FIG  IB 
and  having  gear  31  drivingly  engaging  the  driven  gear 
teeth  32  of  the  wheel  body  2  A  guide  wheel  4  is  cen¬ 
trally  mounted  at  37  Tor  pivotal  movement  in  the 
mounting  37  of  the  wheel  body  2,  with  the  periphery  of 
the  wheel  4  being  formed  with  teeth  33  engaging  with 
teeth  34  formed  in  the  periphery  of  each  of  the  propeller 
housings  5,  as  can  be  seen  in  FIG  ID  The  number  of 
teeth  33  on  guide  wheel  4  is  the  same  as  the  number  of 
teeth  34  in  each  housing  J  As  seen  m  FIG  IB.  the 
propeller  housings  5  are  eccentrically  mounted  relative 
to  the  axis  30  for  rotary  movement  in  the  wheel  body  2 
by  mountings  38  If  the  position  of  the  wheel  guide  4  is 
not  changed  with  respect  to  the  course  9  of  the  N  at,  the 
reversible  profiler  housings  5  are  controlled  by  the 
guide  wheel  4  so  that  the  profiler  housings  5  do  not 
rotate  about  their  own  vertical  axes  36  with  respect  to 
each  position  of  the  wheel  Nxly  By  rotatabl)  adjusting 
the  guide  wheel  4  iNiut  axis  30  by  adjustment  means 
which  are  not  shown,  the  direction  of  all  the  levcrsihle 
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AllS TRACT  OF  1I1F  DISCI  OSt  RE 
A  hydrofoil  propelled  watercraft  which  presents  drag 
structure  to  selectively  increase  the  drag  force  on  the  wa¬ 
tercraft  at  the  low  velocities  to  (a)  develop  an  upward 
force  acting  upon  the  watercraft  and  causing  the  water¬ 
craft  to  he  lifted  upon  hydrofoils  at  relatively  low  ve¬ 
locities  and  <b)  provide  a  system  for  recovering  a  por¬ 
tion  of  the  surplus  energy  expended  at  low  velocities  and 
directing  the  energy  into  the  drive  line  to  increase  the 
efficiency  of  the  rower  source  or  to  auxiliary  appliances. 
The  hydrofoil  Hades  are  adapted  to  engage  the  water 
exclusively  below  and  inside  the  outer  periphery  of  the 
watercraft  so  that  the  outer  limits  of  the  reach  of  the 
hydrofoil  blades  is  known. 


The  invention  relates  to  inipiovemcnls  in  hydrofoil 
watercraft  vehicles  and  is  a  continuation-in-part  ol  my 
copending  patent  application  Scr.  No.  518.970,  filed  Dec. 
'0.  I9f»5.  now  U  S  Patent  No.  3.4()3.f>54  and  the  entire 
specification  of  said  copciiiling  patent  application  is  in¬ 
corporated  herein. 

It  has  Iven  found  that  hydrofoil  watercraft  "ill  he 
lifted  out  of  ihc  water  upon  the  hydrofoil  blades  during 
displacement  only  when  a  sufficient  drag  force  is  exerted 
hi  as  to  eener.ilc  an  upw.irJIy  diicctcd  lift  force.  At  low 
to  under. lie  velocities,  air  resisianco  is  not  sufficient  drag 
to  develop  a  lift  force  powerful  enough  to  maim., in  the 
vv.iicrcr.ill  out  of  the  water.  The  prc'cnt  invention  pro¬ 
vides  .i  sy  stem  for  selectively  generating  artificial  drag  to 
develop  the  needed  lilt  force  to  maintain  the  watercraft 
upon  novel  hydrofoil  blades  and  at  the  same  time  serve 
as  a  supplemental  source  of  energy  at  low  to  moderate 
velocities. 

Devices  which  generate  supplemental  energy  are  known 
in  the  art.  for  example,  cce  US.  Patent  1.831.835.  The 
known  devices  are  designed  to  picsent  as  little  resistance 
as  po-sible  to  the  notmal  forward  movement  of  the  ve- 
hiilc  to  which  they  ire  attached. 

It  is  a  primary  object  of  the  invention  to  provide  an 
auxiliary  system  for  a  watercraft  hydrofoil  vehicle  IO 
develop  a  dug  force  and  at  the  same  time  provide  a  sup¬ 
plemental  source  of  energy. 

It  is  .mother  important  object  of  the  invention  to  pro¬ 
vide  a  novel  hydrofoil  blade  arrangement  to  increase  the 
cftisiin.-v  and  en*c  of  handling  of  the  watercraft. 

An, -liter  i  port  int  object  of  Ihc  invention  is  to  pro¬ 
vide  a  more  edieienl.  s.,fc  watercraft  vehicle. 

These  and  other  objects  .'it'd  features  of  the  present  in¬ 
vention  will  become  mote  fully  apparent  from  the  fol¬ 
lowing  dc'.ription  and  appended  claims  taken  in  con¬ 
junction  with  the  accompany ing  drawings  wherein: 

llfil  RE  I  i'  a  dia-fammatic  representation  of  one 
presently  preferred  en-hivlirncnt  of  the  hydrofoil  Made 
drive  system  and  drag  unit; 

I  IGURF  7  is  a  schematic  fragmentary  illustration  of  a 
watercraft  vehicle  comprising  the  drive  system  embodi- 
iuv  nt  of  I  (fit 'Kb  |  -how  n  in  partial  cross  section: 

!  Itil'Kt  •  s,  I.em  >li.  ally  shown  another  presently  pre- 
fened  eml-o.ijmcnl  or  the  drive  -v-tcat  anvl  drag  unit: 


2 

FIGURF.S  4  and  5  schematically  illustrate  two  present¬ 
ly  preferred  embodiments  of  the  generating  system  for 
convening  the  rotation  of  the  drag  unit  to  useful  energy; 
and 

j  FIGURE  6  is  a  schematic  fragmentary  perspective  of 
presently  preferred  structure  for  controlling  the  amount 
of  drag  force  developed  hy  the  drag  unit. 

With  reference  to  FIGURES  1  and  2,  the  drive  sys¬ 
tem.  generally  designated  12,  comprises  drive  wheels  14 
ju  and  Ifi  and  idler  wheels  18  and  20.  The  wheels  are  sub¬ 
stantially  identical  and  each  wheel  is  provided  with  radial¬ 
ly-extending  peripheral  flanges  22  and  24  which  define 
a  recessed,  central  groove  25  therebetween.  The  groove 

26  is  adapted  to  receive  a  portion  of  an  endless  driving 
13  track  28.  The  driving  track  28  is  preferably  formed  of 

somewhat  yicldahlc  material  and  is  provided  with  a 
plurality  of  base  members  31.  integrally  attached  to  the 
track  at  spaced  locations  8  along  the  outer  periphery. 
(Sec  especially  F  IGURE  2.) 

2o  An  air  plenum  25  or  27  (FIGURE  I)  is  optionally 
located  immediately  above  the  lower  inside  portion  of 
each  track  28.  Air  forced  through  each  air  plenum  25  and 

27  from  a  forced  air  system  (not  shown)  will  exert  a 
downward  force  upon  Ihc  adjacent  track  28  which  helps 

23  lo  prevent  deformation  of  the  part  of  the  track  spanning 
between  the  lower  parts  of  the  wheels  14  and  18.  and  16 
an,i  20.  Thus,  the  tuck  28  w  ill  icmain  essentially  linear 
even  when  thcie  is  considerable  weight  in  the  watercraft. 

Each  blade  30  is  attached  to  the  adjacent  base  member 
30  by  a  laterally  movable  hinge  29  (sec  FIGURE  2). 
The  hinge  29  is  !, vented  on  the  outward  edge  of  the  base 
31  and  blade  30  so  that  each  blade  30  may  open  verti¬ 
cally  in  response  to  ccntiifugal  force  when  not  opposed 
by  a  water-caused  force  and  readily  close  to  the  illus- 
»3  trated  horizontal  position  when  a  given  blade  engages 
•  he  water  -33.  When  a  blade  30  is  in  the  water  33  the  tip 

35  is  directed  inwardly.  Sienificanlly.  the  inward  dis¬ 
posin'. >n  of  the  hydtofoil  blades  30  makes  it  possible  for 
the  operator  of  die  hydrofoil  craft  to  position  the  craft 

in  close  to  a  dock  or  the  like  without  causing  damage  to  the 
hydrofoil  blades  or  the  dock. 

The  drive  wheels  14  and  16  are  powered  by  cncrey 
originating  at  a  power  source  or  motor  32  which  is  trans¬ 
mitted  through  a  ititferenti.il  mechanism  34  and  Jcfivcrcd 
•13  to  the  respective  drive  wheels  14  and  16  through  axles 

36  and  28.  The  differential  34  is  also  connected  by  a 
d  ivc  shaft  40  and  a  differential  42  to  an  auxiliary  shaft 
“4  comprising  part  of  a  drag  unit  46  An  auxiliary  motor 
48.  preferably  adapted  to  provide  an  essentially  constant 

30  speed  input,  is  also  connected  >n'o  the  differential  42. 

The  drag  unit  46  also  comprises  a  rair  of  oppositely 
disposed  impeller  M.a.lcs  50  which,  desirably,  have  a  se¬ 
lectively  variable  pitch  (nor  shown).  The  drag  unit  46  is 
maintained  substantially  below  the  lower-most  portion  of 
35  the  buoyant  watercraft  strii-iure  54  (FIGURE  2)  and 
is  mechanically  connected  to  the  shaft  44  through  gear¬ 
boxes  56  anj  58  and  connecting  shaft  60. 

If  ilesncd.  the  amount  of  drag  produced  bv  the  auxil¬ 
iary  drag  unit  46  may  be  controlled  hy  the  structure  il- 
dO  litstratcd  in  FIGURE  6.  More  specifically,  the  connecting 
shaft  60  is  joined  ml, -grills  with  a  braking  disk  140  The 
peripheral  edge  of  the  braking  disk  l-’0  is  displaced  be¬ 
tween  jaws  142  and  144.  each  of  which  contains  a  blind 
bore  146  which  is  in  fluij  communication. with  nyjraulic 
C.3  fines  148  and  150  \  cylinder  152  with  a  rccipro,  .Me  pis¬ 
ton  (not  shown)  is  situated  within  each  Hind  bore  146 
Each  piston  is  adapted  lo  most  in  rc-ponse  to  pre>sure 
from  the  hyiliaulic  lines  148  and  150  to  exert  a  controlled 
amount  of  braking  for.c  against  Jisk  140 

Ihi-rcfoic.  when  increased  prc-sitrc  is  developed  in 
the  I  'rat.iic  lines  ,md  148  .,(-J  150.  su, h  as  hy  applica- 
tion  of  a  convention.,!  u'  ike  p-  '  il  (not  shown),  e-uh  pi'- 
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[57)  ABSTRACT 

An  amphibious  vehicle  comprising  ducted-propeller 
units  providing  for  an  increase  in  water  speed,  a  re¬ 
duction  in  forward  turning  diameter,  jnd  backing 
turns  within  the  vehicle  length  with  full  steering  con¬ 
trol.  The  water  propulsion  means  is  so  arranged  as  to 
employ  the  same  prime  mover  and  associated  power 
transmission  and  power  control  means  that  is  used  for 
land  locomotion. 
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PROPULSION  SYSTEMS 
BACKGROUND  of  the  invention 

1 .  Field  of  the  Invention 

The  present  invention  pertains  to  amphibious  vehi¬ 
cles,  and  more  particularly  a  marine  propulsion  system 
for  I'  nd  vehicles  such  as  tracked  military  vehicles. 

2.  Description  of  the  Prior  Art 

Prior  art  vehicles  of  the  type  referred  to  hereinbe¬ 
fore.  as  well  as  land  vehicles  including  a  hybrid  or  half¬ 
track  using  both  wheels  and  a  crawler  track,  have  em¬ 
ployed  various  means  to  propel  the  vehicle  both  on 
water  and  on  land. 

One  such  system  has  utilized  propellers  and  conven¬ 
tional  land  wheels,  requiring  separate  complex  drive 
trams,  including  many  gears  and  other  controls,  for 
each  propulsion  system.  In  another  case,  a  water  jet 
propulsion  apparatus  has  been  proposed  for  amphibi¬ 
ous  vehicles  claiming  to  give  the  vehicle  highly  efficient 
maneuverability  in  the  water  while  achieving  near  opti¬ 
mum  efficiency  during  normal  land  propulsion. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  provides  an  improved  and 
novel  water  propulsion  means  for  a  self-propelled  am¬ 
phibious  vehicle  arranged  so  as  to  employ  the  same 
prime  mover  and  associated  power  transmission  and 
power  control  means  that  are  used  for  land  locomotion. 
The  sprocket  driven  ducted-propeller  units  consist  of  a 
housing  structure  containing  a  planetary  speed  up  gear- 
set  mounted  coaxially  to  the  track  sprocket.  From  this 
is  driven  a  miter  gear  box  which  drives  the  ducted  pro¬ 
peller. 

It  has  been  determined  that  where  use  of  the  com¬ 
mon  power  transmission  means  results  in  concurrent 
operation  of  the  land  propulsion  elements,  such  as 
wheels  or  tracks,  the  water  propulsion  means  is  devised 
to  achieve  a  water  speed  that  would  be  attained  by 
these  w  heels  or  tracks  when  on  land.  This  is  of  particu¬ 
lar  importance  to  the  control  of  the  amphibious  vehicle 
in  the  critical  stage  of  egressing  from  a  moving  stream 
or  from  the  surf  onto  a  steep  beach. 

To  achieve  directional  and  speed  control  in  the  water 
this  invention  may  utilize  the  same  steering  means  used 
for  the  land  mode  of  propulsion  and  control  On  tracked 
vehicles,  where  differential  track  speeds  are  used  for 
steering,  this  same  means  may  be  employed  by  speed- 
responsive  water  propulsion  devices.  On  articulated  ve¬ 
hicles,  steered  by  turning  segments  of  the  vehicle,  the 
water  propulsion  force  is  redirected  for  steering  by  the 
same  action.  The  same  steering  action  may  be  achieved 
when  the  water  propulsion  means  is  secured  to  a  steer¬ 
able  wheel  on  a  wheeled  vehicle. 

The  water  propulsion  means  may  be  any  of  a  clast  of 
such  standard  devices  which  are  driven  by  mechanical 
power  and  produce  thrust  by  accelerating  the  w*,e][ 
which  the  vehicle  is  immersed.  This  thrust  is  contro  e 
by  variations  of  input  speed  device  is 

The  preferred  mounting  for  th  P^red  Unj  i^q. 
in  juxtaposition  with  an  ^"“^jtdrivc  sprocket,  or 
motion  element.  *och  "  ,  „  ,ler  propulsion  system  is 

dnve  wheel  from  whichn^|)on5  ^  |h<;  propubion 

powered  Struc  u  prov,Jed  to  transmit  its  thrust 

device  to  the  vehicle  y  ,rv 


^Power 'connection  is  made  through  a  class  of  star, 
dard  engaged  and  d.sengagcd  power  Uansrmvsion  de- 


forces  where  necessary. 


vices  such  as  u  dog  clutch  or  splined  couplings.  Con¬ 
nection  is  thereby  made  to  the  power  train  at  or  neur 
the  final  driving  elements  to  retain  a  requisite  portion 
of  the  braking,  steering  and  speed  changing  capabilities 
5  of  the  land  locomotion  power  driving  train. 

The  propulsive  means  may  be  manually  positioned, 
installed,  engaged,  and  structurally  secured  for  use.  An 
alternative  emobodiment  may  have  this  propulsive 
means  permanently  installed  on  the  vehicle  and  posi- 
10  tioned,  engaged,  and  secured  in  the  operating  or 
stowed  position,  manually,  or  by  powered  means  which 
are  locally  or  remotely  controlled. 

The  sprocket-driven  ducted-propeller  system  pro¬ 
vides  a  marked  improvement  in  waterborne  perfor- 
15  mance.  The  vehicle's  speed  is  increased  from  4  miles 
per  hour  to  6  5  miles  per  hour.  The  yawing  action  is  sta¬ 
bilized  by  front-sprocket-driven  propellers  so  that  a 
steady  course  may  be  held  without  frequent  steering. 
The  propellers  provide  its  craft  with  a  highly  controlla- 
20  ble  maneuverability.  Ducted  propellers  have  several 
inherent  advantages  over  equally  efficient  open  screws. 
Primarily  the  overall  diameter  is  19  percent  to  22  per¬ 
cent  smaller.  The  engine  torque  requirement  under 
static  pull  conditions  increases  only  by  about  6  percent, 
25  while  that  of  an  open  screw  rises  22  percent.  Conse¬ 
quently  the  nozzle  propeller  is  able  to  sustain  greater 
static  thrusts.  Finally,  the  nozzle  ring  also  forms  a  guard 
for  its  impeller. 

Other  advantages  of  the  present  invention  will  be- 
30  come  apparent  to  those  of  ordinary  skill  in  the  art  by 
the  following  description  when  considered  in  relation 
to  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

33  FIG.  I  is  a  side  elevalional  view  of  the  forward  end 
of  an  amphibious  vehicle  embodying  preferred  teach¬ 
ings  of  our  invention, 

FIG  2  is  a  fragmentary  section  view  taken  along  the 
line  2  —  2  of  FIG  1,  and 

FIG  3  is  a  front  elevation  taken  on  line  3  —  3  of  FIG 

1. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

Referring  now  to  the  accompanying  drawings, 
wherein  like  reference  numerals  denote  corresponding 
parts  throughout  the  several  views,  numeral  10  desig¬ 
nates  the  forward  portion  of  amphibious  military  vehi¬ 
cle  which  travels  on  land  on  a  pair  of  tracks  12  post- 
tioned  along  opposite  sides  of  vehicle  10,  Each  track  12 
comprises  an  endless  link  assembly  of  the  general  type 
riding  on  sprocket  wheels,  not  shown  on  the  drawings. 
•<  the  extreme  forward  or  rear  ends  of  travel  and  a 
jj  group  of  bearing  wheels  16  indicated  in  phantom 

Vehicle  10  has  standard  drive  mechanism  for  tracked 
l  e.,  a  combustion  engine  means,  not  shown  in 

*  ^or  driving  the  vehicle  connected  through 

e  power  transmission  means  to  tracks  1 2  to  drive 

60  lr,cm 

pfe;  '  sprocket. driven  propulsion  system,  as  shown  in 
each  si'ir-,r^C ”rnF>rl'‘etl  of  two  fourbladed  ptopellers  14, 

each  supported  and  hoiJSed  jn  own  ^  ^,z)e 

a  ke\ed  14  counts  on  and  is  driven  !>y 

65  Side  the  r To  ?,  e  I9'  Propelter  14  rotates  in- 

faired  line  ->0  ,lir''nUm  s,rul  'upported  nozzle  duct  or 
aired  nng  20  drawing  water  ,n  the  front  of  kort  nozzle 

18  and  expelling  ,t  out  the  rear  Propeller  14  and  its 
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| 57)  ABSTRACT 

Propulsion  mechanism  for  water  craft  comprises  a 
power  driven  pulse  jet  pump  which  operates  at  a  sc 
Icctcd  shallow  immersion  depth,  preferably  on  a 
smooth  wake  created  by  a  planing  surface  of  the  craft 
The  pump  comprises  a  propulsion  w  heel  having  conca¬ 
vo-convex  curved  blades  mounted  with  their  concave 
sides  facing  in  the  direction  of  forward  rotation  of  the 
wheel,  and  the  tip  edges  of  the  blades  are  sharpened 
At  and  above  cruising  speed  the  blades  are  immersed 
substantially  less  than  one  half  of  their  width,  and  arc 
so  angularly  adjusted  that  each  blade  slices  cleanly  into 
the  wake  and  in  effect  severs  a  "chip"  of  water  there¬ 
from  in  somewhat  the  same  manner  as  a  blade  of  a 
power  wood  planer  or  metal-milling  cutter  These 
water  “chips",  by  inertia,  are  forced  upwardly  and 
around  the  concave  faces  of  the  blades,  so  that  by  a 
combination  of  the  rotative  orbit  of  the  blades,  and 
their  cursed  conformation,  the  "chips"  arc  discharged 
rearward's  through  the  air  at  a  velocity  greater  than  the 
tip  speed  of  the  blades,  thereby  generating  a  reaction 
thrust  which  propels  the  craft  forward  The  wheel  pref 
erably  is  vented  lo  acl  additionally  as  an  an  impeller  so 
as  to  discharge  a  high  velocity  air  stream  learwardly 
along  with  the  pulse  jet  stream  of  water  "chips  " 

19  Claims,  10  Drawing  Figures 
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TANGENTIAL  FLOW  PULSE  JET  PUMP 
PROPULSION  FOR  WATER  CRAFT 

BACKGROUND  OF  THh  INVENTION 

Various  types  of  wheels  have  previously  been  em¬ 
ployed  10  propel  w  ater  craft,  and  some  of  these  wheels 
have  been  provided  with  curved  blades  A  study  on 
such  wheels  is  reported  on  in  a  publication  of  Naval 
Ship  Research  and  Development  Center  dated  Sep! 


FIG  10  is  a  diagram  in  the  nature  of  a  perspective 
view  showing  in  perspective  successive  stages  the  sev 
erance  and  discharge  of  a  water  "chip''  from  the  flat 
wake. 

DF.TAIl.FD  DFSCRIPTION  OF  THF.  DRAWINGS 

Referring  to  the  drawings  in  detail,  and  considering 
first  the  non  adjustablc  vane  structure  of  the  pulse  jet 
pump  embodying  the  invention  shown  in  FIGS  i  -  4, 


1969,  No.  ATD-11  So  far  as  ts  known,  however,  such  10  a  pair  of  propulsion  wheels  A  and  B  arc  mounted  on 


prior  type  propulsion  wheels  lack  an  important  feature  power  driven  shaft  means  10  journaled  to  extend  trans- 

o  f  the  present  invention,  and  such  loose  water  as  is  versely  of  a  hull  C  The  type  of  hull,  the  number  and  lo- 

caused  by  the  normal  and  designed  operation  thereof  cation  of  drive  w  heels,  and  the  type  and  arrangement 

is  incapable  of  attaining  a  discharge  speed  in  excess  of  of  power  drive  mechanism  employed  arc  not,  per  se. 

the  tip  velocity  of  the  w  heel.  15  features  of  the  invention,  and  are  subject  to  usual  selec- 

pi.DDncu  ncTuc  iwvcwTirvu  >'on  and  modification  by  the  designer  of  a  craft  in 

which  the  invention  is  to  be  embodied.  Details  thereof 
A  primary  object  of  the  present  invention  is  to  propel  are.  therefore,  omitted 
a  water  craft  by  means  of  a  pulse  jet  pump  having  a  The  illustrative  hull  C  is  of  planing  type,  and  the  pro¬ 

wheel  with  concavo-convex  curved  blades  mounted  -0  pulsion  wheels  A  and  B  are  mounted  in  housing  reees- 


with  their  concave  sides  when  at  the  bottom  of  the 
wheel  facing  aft.  The  pump  is  mounted  so  that  at  cruis¬ 
ing  speed  and  above,  preferably  the  wheel  operates  on 
a  smooth  wake  created  by  forward  motion  of  the  boat 
in  the  water  The  immersion  depth  and  speed  of  rota-  25 
trim,  of  the  u  heel,  and  the  tip  entrance  angle,  width  and 
curvature  of  (he  wheel  blades  are  so  designed,  that 
each  successive  blade  severs  and  elevates  a  segment  or 
"chip"  of  water  from  the  surface  of  such  wake  and  dis- 


ses  11  and  12,  respectively,  provided  one  in  each  side 
of  the  hull  near  the  stern  Since  the  wheels  A  and  B  are 
similar,  only  Ihc  port  one  B  is  illustrated  and  described 
in  detail  herein 

The  illustrative  hull  C  has  a  conventional  forward 
step  13,  and  the  hull  bottom  14  ahead  of  Ihc  drive 
wheel  B  preferably  is  flat,  so  as  to  create  a  flat  wake  IS, 
see  FIGS  1,  3,  9  and  10,  upon  which  the  wheel  B  oper¬ 
ates  Optionally  a  step  vane  17,  see  FIGS  1  and  2,  may 


charges  it  rearwardly  at  high  speed,  preferably  along  an  20  (,c  mounted  in  a  shallow  recess  provided  in  the  hull  boi- 


air  stream  generated  by  the  rotation  of  the  wheel.  The 
blades  optionally  are  rotativclv  adjustable  about  indi¬ 
vidual  axes  parallel  to  the  axis  of  wheel  rotation,  in 
which  case  blade  adjusting  means  may  be  provided  to 
adjust  all  of  the  blades  simultaneously 

The  foregoing  objectives  and  advantages  of  the  in¬ 
vention  will  he  apparent  from  the  following  description 
and  the  accompanying  drawings,  wherein: 

FIG  1  is  a  fragmentary,  somewhat  diagrammatic. 


tom  ahead  of  the  wheel,  and  is  adjusted  by  a  conven¬ 
tional  jack  19  about  a  forward,  transverse  pivotal  axis 
20,  thereby  to  control  the  level  of  the  flat  wake  and  the 
immersion  depth  of  the  wheel 
The  wheel  B  comprises  a  pair  of  side  disks  21  and  22 
fixedly  secured  co-axiully  on  the  shaft  means  10,  the 
latter  being  journaled  in  usual  water  tight  hearings  23 
and  24,  see  FIG  4,  in  the  hull  C  A  pair  of  conventional 
internal  combustion  gas  turbines  D  and  F.  are  arranged 


side,  elev  atmnal  view  of  the  stern  portion  of  a  boat  hav-  u  to  drive  the  wheels  A  and  B  through  suitable  transmis- 
ing  propulsion  means  incorporating  the  present  inven-  sion  mechanism  F  While  a  well  known  Ivpe  of  right 

turn  mounted  therein,  portions  of  the  internal  mecha-  angle  drive  transmission  mechanism  F  is  illustrated,  it 
nism  being  shown  in  broken  lines.  will  be  understood  that  the  engine  or  engines  may  he 

FIG  2  is  a  top  plan  view  of  FIG  1.  mounted  axially  parallel  to  the  propulsion  wheels,  m 

FIG  3  is  a  fragmentary,  diagrammatic,  sectional  view  which  case  suitable  alternate  type  transmission  mccha- 

through  one  of  the  drive  wheels  of  FIGS  1  and  2  taken  nism  of  a  well  known  type  w  ill  be  employed 

along  a  fore  and-aft  vertical  plane,  the  action  of  the  A  plurality  of  concavo  convex  blades  2 5  of  suitable 

lower  blades  on  the  fiat  wake  being  shown,  other  blades  material,  such  as.  fur  example,  stainless  steel,  extend 

being  omitted  between  the  disks  21  and  22  with  the  concave  sides  of 

FIG  4  is  a  sectional  view  taken  along  line  4  —  4  of  the  blades  facing  in  the  direction  of  forward  rotation  of 

FIG  3.  the  drive  wheel  B  While  the  blades  illustrated  herein 

FIG  5  is  a  fragmentary  sectional  view  of  the  lower  are  shown  as  of  substantially  right  circular  cylindrical 

portion  of  a  wheel  generally  similar  to  that  shown  in  curvature,  the  specific  curvature  is  not  a  feature  of  (he 

FIG  3  hut  having  angularly  adjustable  blades  ^  invention,  and  tests  and  calculations  at  this  stage  of  dt- 

FIG  6  is  a  fragmentary  sectional  view  taken  along  vclopmcnt  arc  not  conclusive  as  to  an  optimum  sire  or 
line  6  —  6  of  FIG  5.  shape  for  the  blades 

FIG  7  is  a  side  elcvational  view  of  a  modified  form  The  plane  defined  by  the  longitudinal  edges  of  each 

of  drive  wheel  embodying  the  invention  with  gear  blade  25,  and  represented  by  broken  line  27  in  FIG  3, 

driven  blade  adjusting  and  reversing  means.  is  tilted  rcarw.trdly  toward  the  blade  up  by  an  angle  28 

FIG  8  is  an  elcvational  view  looking  in  Ihc  direction  relative  to  a  radial  plane  of  the  wheel,  represented  hy 

of  the  arrows  8—8  of  FIG.  7,  portions  being  broken  broken  line  29,  through  the  blrde  tip  30.  The  magni- 

away  tude  of  this  angle  28  is  such  that  the  designed  ratio  of 

FIG  9  is  a  diagram  show  ing  success  ve  stages  in  the  the  wheel  peripheral  speed  to  the  relative  speed  of  the 

action  of  a  blade  during  the  severing,  elevating  and  dis-  Hat  wake  15  provides  a  positive  angle  of  attack  of  the 

charging  of  a  water  "chip"  element  of  the  pulse  jet  blade  tip,  which  causes  the  Made  during  each  orbit  to 

stream  for  propelling  a  vessel  upon  which  the  blade  is  scoop  a  "chip"  of  water  from  the  fiat  wake  The  rjdi.il 

mounted  width  and  curvjture  of  the  blade  and  the  position  of  its 
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A  propulsive  force  generating  device  is  provided  for 
marine  vehicles  consisting  of  parallel  rollers  rotating 
within  a  space  on  the  underside  of  the  vehicle  and  a 
sheet  of  flexible  material  of  suitable  length  across  the 
space 

In  operation  the  sheet  is  immersed  in  the  water  and 
dynamic  pressure  forces  the  sheet  into  the  gaps 
between  the  rollers  which  forms  convolutions  which, 
during  the  rotation  of  the  rollers,  causes  a  succession 
of  ripples  which  engage  with  the  water  to  produce  a 
propulsive  force 

5  Claims,  2  Drawing  Figures 
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PKOl't  l.sINK  H)k<  K  C.KM-KVIIM.  MK  \NS  K)K 
M\KINK  \  KHK  I  KS  4 

1  his  invention  is  concerned  with  propulsive  force 
generating  me. ms  for  m.irmc  vehicles 

I  he  term  "manne  vehicles"  is  intended  to  oner  \c- 
hides  which  operate  on  or  m  close  proximilx  to  the  sur 
f.iee  ol  water.  examples  being  ships  .uni  .ur  cushion  xe- 
hides 

Propulsion  dex  ices  are  known  in  xxhich  a  pncumati- 
v.allx  inflated  flexible  roller  is  rotated  in  proxiimtx  to  a 
xx ate r  surface  oxer  xxhich  it  Iruxcls  Sueh  a  roller  has  a 
rigid  internal  framework  arranged  so  that  xxhen  hxdro- 
dynamic  forces  operating  on  the  flexible  surface  of  the 
roller  exceed  those  created  by  inflation  pressure,  the 
flexible  Mir  lace  ol  the  roller  is  indented  to  form  propul- 
sion  blades  Problems  arise  xxhen  a  roller  of  this  tx  pc  is 
rcxolxcd  to  produce  a  propulsion  force  Kirstlx.  the 
ccnlrilugal  force  produced  hx  the  rotation  urges  that 
pari  ol  the  flexible  surface  not  subjected  to  hxdrodx- 
namie  forces  to  fly  xmtxxards.  and  secxxndlx.  x»ut  of  bal¬ 
ance  rotary  lorces  arc  gcuc'i.itc'd  b\  the  rotarx  path  i»f 
the  flexible  surface  belli t  at  varying  distances  from  the 
axis  of  the  roller 

Hie  present  inxention  proxides  in  or  for  a  marine  xe- 
hide  propulsion  loree  generating  means  including:  a 
pliirahlx  of  longitudinally  extending  parallel  rollers 
evenly  spaced  troni  and  around  a  common  axis  ami  in 
operation  ol  the  ilex  ice  being  arranged  to  rotate  around 
the  common  axis  so  as  to  prescribe  a  path  of  moxement 
which  is  partlx  xxilhm  a  space  formed  in  the  underside 
ol  a  xcliie  le  to  xxhich  the  ilex  ice  is  .iltachx'xl.  a  sheet  ol 
flexible  impermeable  material  arranged  for  attachment 
on  the  underside  ol  the  x c  hicle  so  .is  to  extend  across 
the  sp.n  e  and  liax  mg  a  longer  length  between  lines  of 
utlushmcnt  on  the  underside  ol  the  vehicle  than  the 
length  of  lh.il  part  ol  the  path  of  moxement  of  the  rol¬ 
lers  xx  Inch  is  external  id  the  space  in  the  umlcrsidc  of 
the  \ chide,  ami  means  arranged  lor  co-operation  xxith  ■ 
xax  h  end  ol  the  dc'icc  and  with  the  vehicle  for  prevent¬ 
ing  eiilrx  o|  water  to  the  interior  of  the  device 
I  tin-  embodiment  ol  the  invention  will  now  tv  de¬ 
scribed.  hx  wax  ol  example  onlx.  with  releienee  to  the 
uccompunx  mg  drawings,  m  xxhich 
I  Iti  I  is  a  sc  hematic  side'  elc-x.ition  ol  a  propulsive 
lorse  generating  device  according  to  the  invention,  and 
l  ib  -  is  an  exploded  perspective  view  ot  the  device 
illustrated  in  IK i  1 . 

I  he  underside  structure  II  of  a  marine  vehicle  (not  - 
show  n  i  is  const  rue  ted  six  as  to  have  an  arcuate  space  12 
w  1 1 h in  w  hi.  h  is  a  dr ix  c  shaft  I 5  carry  ing  in  the  proxim¬ 
ity  ot  cue  h  end  a  star  wheel  14  arrangexl  to  rotate  with 
l he  drive  shall  I .V  Corresponding  arms  on  each  star 
w heel  14  are  interconnected  hx  axle-s  15,  and  earned  ^ 
be  and  running  on  these  axles  15  are  rollers  16.  The  rol¬ 
lers  In  are-  «»!  a  length  so  that  the*x  occupx  the  space  be¬ 
tween  the  star  wheels  14  and  have  Millie  lent  clearance 
Kuh  between  the  star  xx  heels  14  and  on  the  axles  15  to 
turn  Ircelx  ’* 

I  In  drive  shall  15  is  arranged  to  be  driven  through 
a  ir.uisuiissii.n  m  stem  17  hx  a  prime  mover  t  mil 
shown  i  I  lie  drive  -haft  15  rotates  the  star  wheels  14 
uul  thereby  cause'  tile  axles  15  earning  the  rollers  16 
to  be  rotate'xl  around  the  xlrixe  shaft  axis  ami  to  pre¬ 
ss  ribed  a  path  i ■:  movement  which  is  partlx  within  and 
partlx  external  of  the  sp.iec  12. 


2 

A  sheet  ol  flexible  imp. rnieahle  nt.iten.il  18  is  ur 
range'll  lot  attachment  to  the  underside  structure  II 
along  lines  of  attachment  20  and  21.  I  he  sheet  18  ex¬ 
tends  ax  r oss  the  space  12  and  has  u  longer  length  be- 
s  twe'cn  the  lines  of  attachment  2ft  and  21  than  the  length 
of  that  part  of  the  path  of  moxement  of  the  rollers  16 
which  is  external  of  the  space  12.  Prefer  ably  the  length 
ol  the  sheet  18  between  the  lines  of  attachment  2ft  and 
21  is  within  a  range  1.5  to  I  7  times  the  length  of  the 
lb  path  of  movement  presc  ribed  hx  each  roller  16  external 
of  the  space  12. 

The  sheet  18  is  hounded  on  its  free  ends  hx  conical 
fairings  19  of  flexible  impermeable  material  which 
serve  to  prevent  the  entry  of  water  into  the  space 
15  bounded  in  part  b>  the  underside  structure  II  and  in 
pan  by  the  sheet  18  without  limiting  the  flexibility  of 
the  --h eel  18. 

In  operation  of  the  device,  when  the  marine  vehicle 
is  operating  on  or  in  close  proximity  to  a  water  surface. 
2"  so  that  the  sheet  of  flexible  material  18  is  immersed  in 
watei.  the  dynamic  water  pressure  forces  the  sheet  18 
into  the  g.,ps  between  the  rollers  16  so  that  the  sheet 
18  h  as  a  plurality  of  convolutions,  each  convolution 
conforming  to  a  roller  16.  When  the  drive  shaft  is 
-•  driven  by  a  prime  mover  to  turn  the  star  wheels  the  rol¬ 
lers  are  rotated  around  the  drive  shaft  and  that  part  of 
their  path  ol  movement  which  takes  place  external  of 
the  \ chicle  structure  cuuscs  the  convolutions  to  move 
across  the  sheet  as  .1  succession  of  ripples  or  blades 
which  e ne. tec  the  water  to  produce  a  propulsive  force 
I  he  direction  of  the  propulsive  force  is  dependent  on 
the  direction  ot  rotation  of  the  rollers. 

Tlie  de  xiee  may  be  uxe'xl  either  singly  or  ax  a  multiple 
ol  units  txi  prox  ide  propulsion  for  ships  or  air  cushion 
x  chicles  W  hen  u>cd  as  multiple  units  one  >r  more  units 
may  he  located  in  each  wall  of  a  rigid  sidewall  txpc  of 
air  cushion  xc'hic'le  Altcrnutrxc'lx .  one  or  more  units 
may  be  metalled  on  the*  underside  of  j  ship  at  the  hull 
to  ‘■'■"''S'fltttv  >o  provide  forward  or  reverse  propulsion,  or 
they  may  be  positioned  oil  the  torvxard  part  ot  a  ship 
with  the'  axis  ot  rotation  ot  the  device  parallel  with  the 
longitudinal  axis  ol  the  ship  to  act  as  a  transverse  pro¬ 
pulsion  unit 

^  I  claim  as  my  inxention: 

I.  In  or  lor  a  marine  vehicle,  propulsive  force  gener¬ 
ating  means  including  a  plurality  of  longiludinallx  ex- 
tending  parallel  rollers  evenly  spaced  from  and  iround 
a  common  axis  and  in  operation  of  the  device  being  jr- 
(i  f.mged  to  rotate  around  the  common  axis  so  as  to  pre¬ 
scribe  a  path  of  movement  which  is  partlx  within  a 
space  formed  in  the  underside  of  a  vehicle  to  which  the 
dt'x ice  is  attached,  a  sheet  of  flexible  impermeable  ma¬ 
terial  arranged  fo.  ittaehmenl  on  the  underside  of  the 
^  vehicle  so  as  to  extend  across  the  space  and  having  a 
longer  length  between  lines  of  attachment  ,,n  the  un¬ 
derside  of  the  vehicle  th  in  the  length  of  that  part  of  the 
path  of  moxement  ot  the  rollers  w  hich  is  external  of  the 
space  in  tile  underside  of  the  vehicle,  and  means  ar- 
,  ranged  for  co-operation  with  each  end  of  the  device 
and  with  the  vehicle  tor  preventing  entrx  of  water  to 
the  ulterior  of  the  device 

2.  Propulsive  lone  generating  means  as  claimed  in 
claim  I,  wherein  the  rollers  are  carried  on  axle's  extend- 
;  ing  between  and  supported  by  arms  of  suitable  spaced 
star  wheels 

5.  Propulsive  force  generating  means  as  claimed  in 
claim  2.  wherein  a  shaft  extends  through  the  centres  of 
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[57]  ABSTRACT 

The  hull  of  a  propeller  driver  planing  boat  powered  hv 
an  inboard  engine  is  provided  on  the  underside  thereof 
with  a  channel  extending  longitudinally  of  the  hull  from 
the  stern  towards  the  bow,  with  the  channel  being  of 
maximum  depth  at  the  stern  to  accommodate  a  propel¬ 
ler  therein  adjacent  the  stem,  said  channel  widening 
and  becoming  shallower  until  it  merges  with  the  hull 
surface,  and  with  the  cross-sectional  perimeter  of  the 
channel  being  of  the  same  length  along  the  length  of 
the  channel  so  that  the  surface  area  of  the  channel  re¬ 
mains  constant  as  a  wetted  area  throughout  the  length 
of  the  channel.  This  piovides  a  contour  of  the  channel 
adapted  to  ensure  that  water  will  flow,  during  motion 
of  the  hull,  through  the  channel  without  producing 
eddy  currents,  cavitation,  aeration  or  other  fluid  flow 
effects  likely  to  affect  the  operating  efficiency  of  the 
propeller  in  the  channel. 

8  Clcims,  10  Drawing  Figures 
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■  shoeing  the  development  of  the  channel  from  the  how 
towards  the  stem,  and 

f  h in  invention  relates  to  high  speed  propeller  driven  ‘  FIG  9  is  a  diagrammatic  representation  in  perspet 
planing  boats  poweied  by  an  inboard  engine  live  of  the  channel  plotted  onto  a  plane  surface  and 

In  boats  of  this  type  the  protection  of  the  propeller  5  FIG.  10  is  that  representation  shaped  in  the  form  of  the 
from  damage  hy  floating  objects  or  grounding  of  the  channel,  the  broken  lines  corresponding  to  the  sections 
boat  has  created  a  number  of  problems  and  in  attempt-  shown  in  FIGS  4  to  8. 

mg  to  solve  this  problem  it  his  been  proposed  to  guard  FIGS.  I,  2  and  3  illustrate  the  relevant  parts  of  a  sin- 

or  shield  the  propeller  or  include  the  propeller  in  a  tun-  glc  propeller,  inboard  engined,  boat  hull  20  having  in- 
nel  formed  in  the  boat  hull.  These  proposals  have  the  10  corporatcd  therein  on  the  underside  a  channel  21  con- 
disadvantagc  that  (he  efficiency  of  the  propeller  is  so  structcd  according  to  the  present  invention, 

seriously  affected  that  they  are  not  acceptable  to  boat  The  channel  21  extends  forwardly  from  the  stern  22 

builders.  and  longitudinally  of  the  hull  and  at  the  stern  is  sub- 

The  principal  object  of  the  present  invention  is  to  stantially  hemi  spherical  in  cross-section  at  the  end  sec- 
provide  a  boat  hull  construction  whereby  the  propeller  15  lion  21a  as  shown  in  FIGS.  3  and  8.  The  section  21a  is 
or  propellers  is  or  are  substantially  protected  hy  the  of  a  maximum  depth  to  embrace  the  propeller  23  posi- 

boat  hull  and  in  such  manner  as  not  to  affect  the  oper-  turned  in  that  section  21a  on  the  end  of  shaft  24  which 

atmg  efficiency  of  the  propeller  or  propellers  is  supported  in  the  usual  manner  by  bearings  25.  The 

With  the  above  sated  object  in  view  a  boat  hull,  ac-  length  of  section  21a  of  the  channel  21  is  not  arbitary, 

cording  to  the  present  invention  is  provided  on  the  un-  20  it  may  terminate  immediately  rearwardly  of  the  propcl- 
dcrside  thereof  with  a  channel  extending  longitudinally  ler  23,  however,  in  the  embodiment  illustrated  the  stern 

of  the  hull  from  the  stern  towards  the  bow.  with  the  and  termination  21  h  of  the  section  21a  is  in  a  stern  re- 

channel  being  of  maximum  depth  at  the  slcrn  to  ac-  cess  26  accommodating  twin  rudders  27  and  28  each 
commodate  a  propeller  therein  adjacent  the  stern,  said  of  which  arc  disposed  on  either  side  of  the  channel  end 
channel  widening  and  becoming  shallower  until  it  25  21b. 

merges  with  the  hull  surface  and  with  the  cross-  The  rudders  27  and  28  each  have  portions  29  exlend- 

scctional  perimeter  of  the  channel  being  of  substan-  ing  below  the  hull  and  forwardly  of  their  pivot  bearings 

t tally  the  same  length  along  the  length  of  the  channel  30,  said  extensions  29  increasing  the  steering  surfaces 

The  surface  area  of  the  channel  when  plotted  onto  a  of  the  rudders  and  also  providing  reverse  acting  forces 

plane  surface  resolves  into  a  rectangle  having  a  width  10  which  reduce  the  forces  necessary  for  operation  of  the 
equal  to  or  substantially  equal  to  the  widest  part  of  the  rudders  during  movement  of  the  boat  in  the  water, 

channel  at  the  forward  end  thereof  and  of  a  length  Guard  fins  31  arc  provided  on  th..  hull  forwardly  of  the 

greater  than  the  width,  so  that  the  surface  area  of  the  rudder  extensions  29  to  deflect  floating  or  other  objects 

channel  remains  constant  as  a  wetted  area  throughout  and  thereby  prevent  damage  to  the  rudders, 
the  length  of  the  channel.  From  the  inner  or  forward  end  21c  of  channel  section 

In  the  case  of  a  single  propeller  hull  the  axial  plane  21a  the  channel  21  extends  forwardly  towards  the  bow 

of  the  channel  aligns  with  that  of  the  keel  and  in  the  of  the  hull  becoming  wider  and  shallower  until  at  the 

case  of  a  twin  propeller  hull  the  channel  for  each  pro-  forward  end  21  d  it  merges  with  the  underside  surface 

pcllcr  is  positioned  on  each  side  of  the  keel.  contour  of  the  boat  hull  at  a  point  rearwardly  of  the 

Viewing  the  channel  from  the  forward  end  to  the  planing  area  of  the  boat  hull 
stern  end  thereof,  the  width  of  the  channel  decreases  The  boat  hull,  as  illustrated,  is  of  the  type  in  which 

and  the  depth  of  the  channel  increases  over  a  substan-  the  bottom  of  the  boat  is  formed  of  two  inclined  sec- 

tial  part  of  its  length  tions  20o  extending  from  the  boat  sides  20b  towards  the 

The  contour  of  the  channel  is  adapted  to  ensure  that  keel  20r  as  shown  in  FIGS.  1, 2  and  3  and  while  the  for- 

watcr  will  flow,  during  motion  of  the  hull,  through  the  ward  end  21  d  of  the  channel  21  is  shown,  for  conve- 

channel  at  all  rates  without  producing  eddy  currents,  nicncc  of  illustration,  as  terminating  in  a  defined  line, 

cavitation  or  aeration  or  other  fluid  flow  effects  likely  it  will  be  apparent,  more  particularly  from  the  section 

to  affect  the  operating  efficiency  of  the  propeller  in  the  shown  in  FIG.  4  that  the  channel  merges  into  the  con- 

channel  jg  tour  of  the  hull  surfaces  at  this  point  to  provide  a  sur- 

Thc  forward  end  of  the  channel  is  preferably  rear-  race  offering  no  obstruction  to  the  flow  of  water  when 

wardly  of  the  planing  area  of  the  boat  hull  to  thereby  the  boat  is  in  motion  in  the  w  ater 

avoid  the  likelihood  of  aeration  of  water  entering  the  The  channel  2!  as  shown  in  the  progressive  sections 

channel  to  reduce  operational  efficiency  of  the  propel-  in  MGS.  4  to  8,  is  so  formed  and  dimensioned  that  the 
|tr  dimension  of  the  cross  sectional  perimeter  of  the  chan- 

In  order  that  the  invention  n.ay  he  more  icadily  un-  net  section  at  21a  is  ihc  same  or  at  least  substantially 

derstood  reference  will  now  be  made  to  the  accompa-  the  same  at  any  cross  sectional  point  throughout  Ms 

nying  diawmgs  illustrating  a  hoat  hull  constructed  in  length.  This  is  illustrated  in  FIGS  9  and  10  where  the 

accordance  with  the  prevent  invention  rectangle  31  represents  the  chjnncl  21  plotted  onto  a 

In  these  drawings  plane  surface,  the  broken  lines  4,  5,  6,  7  and  8  thereon 

FIG  I  is  an  underside  plan  of  <hc  stern  portion  of  a  representing  the  correspondingly  numbered  section 

single  propeller  bojt  hull  incorporating  j  channel  con-  Imcs  on  FIG.  I.  The  rectangle  31  represents  the  surface 

struct ed  according  to  the  invention,  area  of  the  channel  with  the  width  equal  to  the  widest 

FIG  2  is  a  section  on  line  2  —  2  of  FIG  I,  part  of  the  channel  and  of  a  length  greater  than  the 

FIG  3  is  a  rear  elevation  of  that  part  of  the  boat  hull  width  so  that  the  surface  area  of  the  channel  remains 

shown  m  MG  2,  constant  as  a  wetted  area  throughout  the  length  of  the 

FIG  4,  5,  6.  7  and  8  arc  diagrammatic  sections  on  channel  FIG  10  represents  that  plane  rectangle  31  of 

correspondingly  numbered  section  lines  on  FIG  I  FIG  9  shaped  and  contoured  into  the  form  of  the  chan- 
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|57)  ABSTRACT 

A  propulsion  system  for  high  speed  planing  hulls,  em¬ 
ploying  a  tunnel-mounted  propeller  of  the  super- 
cavitating  type  in  conjunction  with  means  for  causing 
the  propeller  to  operate  partly  submerged  at  planing 
speeds  and.  aided  bv  the  tunnel,  to  operate  lulls - 
submerged  with  great  effectiveness  at  low  hull  speed 
to  enable  the  propeller  to  develop  ample  thrust  to 
drive  the  craft  up  to  and  into  planing  speed 

30  Claims.  18  Drawing  Figures 
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BACKGROUND  OF  THE  INVENTION 

The  theoretical  advantages  of  so-called  surface  type  5 
propellers  for  high  speed  power  boats  have  long  been 
recognized,  and  many  attempts  have  been  made  to  uti¬ 
lize  such  propellers.  The  term  “surface  propeller" 
•irises  because  the  propeller,  instead  of  operating  fully 
submerged  as  does  a  conventional  propeller,  is  so  posi-  10 
tioned  that  its  center,  or  hub.  is  approximately  at  the 
level  of  the  water  in  which  it  is  operating.  That  is,  the 
propeller  has  a  portion  of  its  effective  disc  area  in  the 
water  and  the  remainder  of  its  area  in  the  air.  Thus  the 
blades  succesively  dip  into  the  water  as  the  boat  ad-  1 5 
vances.  and  the  propeller  develops  its  thrust  only  on  (he 
faces  (pressure  sides)  of  the  blades. 

These  surface  propellers,  more  recently  termed  semi- 
submerged  supercavitating  propellers  because  their  ac¬ 
tion  creates  voids  in  the  water  on  what  would  normally  -0 
be  termed  the  suction  or  back  sides  of  the  blades,  are 
capable  of  driving  a  given  hull  at  speeds  substantially 
higher  than  can  be  obtained  from  either  a  fully  sub¬ 
merged  conventional  (non-cavitatingl  or  a  fully  sub¬ 
merged  supercavitating  propeller  operating  at  the  same  -3 
shaft  horsepowers.  This  increase  in  performance  with 
the  surface  propeller  results  from  the  fact  that  there  is 
no  appendage  drag  associated  with  converting  the  rota- 
me  power  of  the  prime  mover  into  propulsive  thrust  to 
propel  the  hull.  Also,  there  are  no  adverse  effects  due  30 
io  cavitation  on  a  surface  propeller.  Cavitation  will  de- 
c reave  the  efficiency  (or  lift/drag  ratio)  of  a  fully  sub¬ 
merged  conventional  propeller.  The  design  perform¬ 
ance  of  the  fully  submerged  supercavitating  propeller 
will  be  altered  due  to  the  fact  that  the  design  condition,  33 
corresponding  io  a  cavitation  number  equal  to  zero, 
can  never  be  attained  short  of  an  infinite  speed. 

The  problem,  and  one  which  has  been  a  major  obsta¬ 
cle  to  the  adoption  of  surface  propellers,  is  their  inabil¬ 
ity  to  develop  adequate  thrust  at  low  speeds,  when  the  40 
boat  is  required  to  make  the  transition  from  the  dis¬ 
placement  mode  of  operation  to  the  planing  state.  This 
lack  of  thrust  at  low  speeds  is  not  the  result  of  any  lack 
of  engine  power,  but  ra'her  the  inability  of  the  propel- 
ler  to  utilize  the  available  power.  At  low  speeds,  techni¬ 
cally  known  as  low  advance  ratios,  a  phenomenon 
called  cav  ity  blockage  occurs  When  the  advance  of  the 
boat  is  zero  or  very  small,  in  relation  to  propeller  rota¬ 
tion,  the  cavity  left  by  one  blade  is  in  the  path  of  the  ^ 
next  blade,  so  that  the  following  blade  encounters  this  3 
cavity  rather  than  undisturbed  water.  As  the  forward 
speed  of  the  boat  increases,  this  cavity  blockage  takes 
another  form  in  which  the  cavity  formed  by  the  leading 
blade  does  not  actually  impinge  on  the  following  blade;  jj 
at  (his  point  the  blades  and  their  large  attendant  cavi¬ 
ties  cause  an  actual  choking  of  the  flow  through  the 
propeller  disc.  Either  of  these  cavity  blockage  forms  is 
usually  sufficient  to  prevent  the  surface  propeller  from 
generating  the  required  thrust  to  get  the  craft  through 
the  transition  region,  often  termed  the  resistance 
hump  into  planning  condition. 

V  arious  means  have  been  proposed  and  employed, 
such  as  using  excessively  large  propellers,  or  using  a 
supplementary  propulsion  system,  to  enable  the  boat  to 
be  driven  through  the  resistance  hump  Still  another 
approach  has  involved  mounting  the  surface-type  pro¬ 
peller  aft  of  the  transom  vo  that  at  speeds  below  planing 


2 

the  propeller  may  have  some  additional  disc  area  im¬ 
mersed  in  the  stern  wave  that  builds  up  behind  the  tran¬ 
som  at  low  speed.  This  last-mentioned  expedient  cre¬ 
ates  major  problems  in  providing  adequate  propeller 
shaft  strength  to  withstand  the  stresses  resulting  from 
the  inability  to  provide  bearing  support  close  to  the 
propeller,  and  also  places  the  propeller  and  propeller 
shaft  in  a  position  whore  they  are  easily  subject  to  acci¬ 
dental  damage. 

SUMMARY  OK  THE  INVENTION 

In  accordance  with  the  present  invention,  it  becomes 
possible  for  the  first  time  to  have  a  propulsion  system 
which  permits  semi-submerged  operation  of  a  super- 
caviiating  propeller  under  optimum  conditions  for  high 
hull  speeds,  yer  enables  the  same  propeller  to  operate 
effectively  at  low  hull  speeds  so  that  it  can  readily  de¬ 
velop  the  thrust  necessary  to  get  the  craft  through  the 
resistance  hump  and  up  onto  plane. 

This  is  accomplished,  in  accordance  with  my  inven¬ 
tion,  by  providing  a  tunnel  in  the  underbody  of  the  boat 
and  mounting  the  propeller  in  the  tunnel  so  that  the 
upper  part  of  the  propeller,  above  the  hub,  is  within  the 
tunnel,  while  the  portion  of  the  propeller  below  the  hub 
is  exposed  below  (he  hull.  At  low  hull  speeds,  before 
planing,  w  afer  flows  into  the  tunnel  ahead  of  and  to  the 
propeller  and  the  propeller  operates  fully  immersed, 
with  its  thrust  enhanced  by  the  shrouding  effect  of  the 
tunnel  partially  surrounding  the  propeller. 

At  higher  speeds,  aided  by  special  flow  control  means 
ahead  of  the  propeller,  the  flow  of  water  is  caused  to 
bypass  the  tunnel  vo  that  the  propeller  operation  under¬ 
goes  a  transition  to  the  semi-submerged  mode,  with  its 
high  propulsive  efficiency  Under  these  conditions, 
with  the  flow  of  w  ater  streaming  aft  under  the  hull  and 
below  the  tunnel,  and  with  the  tunnel  vented  to  atmo¬ 
sphere  through  its  opening  at  the  transom,  the  tunnel 
and  its  flow  control  means  cause  no  appreciable  drag. 

DESCRIPTION  OF  THE  DRAWINGS 

In  the  drawings  illustrating  a  preferred  configuration 
of  the  tunnel  of  my  invention  and  disposition  and  ar¬ 
rangement  of  the  propulsive  and  flow  control  elements 
therein,  as  well  as  show  ing  the  utilization  of  the  propul¬ 
sion  system  in  typical  single  and  twin-screw  embodi¬ 
ments, 

FIG.  1  is  a  lop  plan  view,  partly  in  section  and  taken 
on  the  line  1  —  1  of  blG.  2,  showing  the  structural  con¬ 
figuration  and  arrangement  of  the  propulsion  system. 

FIG.  2  is  a  sectional  elevation  of  the  structure  shown 
in  FIG  1,  taken  on  the  line  2—2  of  said  Figure. 

FIG.  3  is  a  sectional  detail  of  the  tunnel  and  adjacent 
portion  of  the  hull,  taken  on  the  line  3—3  of  FIG.  2 
looking  forward. 

FIG.  4  is  a  view  in  elevation  of  the  oft  end  of  the 
structure,  looking  forward  as  indicated  at  4—4  in  FIG. 

2  and  showing  a  portion  of  the  item  transom  of  the 
hull. 

FIG.  5  is  a  .  iew,  on  a  smaller  scale  than  FIG.  4,  show¬ 
ing  the  stem  of  a  typical  V-bottom  vessel  suitable  for 
high-speed  operation,  illustrating  the  disposition  of  the 
propulsion  system  in  a  single-screw  installation  on  the 
center  line  of  the  craft. 

FIG.  6  is  a  sectional  detail  of  one  of  the  How  control 
elements  located  ahead  of  the  propeller  and  shown  in 
section  in  FIG.  2. 
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[57]  ABSTRACT 

Boat  Drive  System  comprising  as  an  integral  unit,  a 
propeller,  propeller  driving  shaft  with  suitable  bear¬ 
ings  and  seals,  a  duct  having  an  inlet  and  outlet  end 
oriented  essentially  parallel  to  the  longitudinal  axis  ol 
the  boat  within  which  said  propeller  rotates  in  a  plane 
essentially  normal  to  the  longitudinal  axis  of  the  duct, 
and  steering  and  reversing  vanes  within  the  discharge 
end  of  such  duct  Said  boat  drive  incorporates  prior 
art  ducted  fan  principal  to  improve  efficiency,  per¬ 
formance,  safety,  and  reduce  cost  of  boat  drive  sys¬ 
tems  available  principally  for  pleasure  craft. 

9  Claims,  3  Drawing  Figures 
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I 

BOAT  DRIVE 

This  invention  relates  to  boat  drive  systems  primarily 
for  pleasure  craft  wherein  the  application  results  in  an 
improvement  over  currently  available  drives  in  effi¬ 
ciency,  performance  and  safety  and  is  relatively  less  ex-  5 
pensive  and  lighter  in  weight;  as  an  example,  a  typical 
application  of  this  invention  in  a  water  ski  boat  pro¬ 
vides  optimum  performance  at  both  low  speed  and  high 
speed,  skier  protection  from  propeller  injuries  and  pro¬ 
peller  protection  in  shallow  water  when  beaching.  Ma-  10 
neuverability.  braking  and  reversing  are  also  improved 
with  less  weight  and  mechanism  complication  thereby 
minimizing  cost  The  boat  drive  systems  of  this  inven- 
lion  transforms  the  driving  engine  shaft  power  to  thrust 
for  the  purpose  of  propelling  the  boat  as  do  other  prior  1 5 
art  boat  drive  systems. 

Prior  art  boat  drives  may  generally  be  identified  in 
one  of  four  catagorics;  ( 1 )  The  outboard  motor  which 
incorporates  an  offset  drive  with  exposed  propeller  and 
integral  engine  all  of  which  is  rotatable  about  an  ap-  -0 
proximate  vertical  axis  for  steering.  The  outboard  de¬ 
pends  upon  rotation  of  the  entire  unit  about  a  lateral 
avis  for  obstruction  clearance  and  beaching.  The  out¬ 
board  is  limited  in  power  because  of  transom  strength. 

The  effective  draft  of  a  boat  with  outboard  drive  is  in-  25 
v  reused  by  propeller  diameter  plus  approximately  15 
percent  when  in  the  normal  drive  position.  (2)  Inboard 
out  drives  which  are  comprised  of  a  through  the  tran- 
vom  offset  steerable  unit  with  exposed  propeller 
wherein  the  engine  is  mounted  in  a  fixed  inboard  posi- 
turn  and  is  less  restricted  in  horsepower.  Obstruction 
clearance  provision  and  effective  draft  are  essentially 
the  same  as  the  outboard.  (3)  The  jet  drive  which  is  a 
unit  incorporating  an  inboard  engine  driven  impeller, 
the  housing  of  w  hich  is  completely  inboard  and/or  does  35 
not  add  to  the  effective  draft  of  the  boat,  the  inlet  to 
said  impeller  terminates  as  a  bottom  mounted  flange  so 
that  propulsion  water  flow  to  the  impeller  diverges  up¬ 
ward  from  the  longitudinal  axis  of  the  boat  at  angles  in 
the  order  of  30°.  The  exit  of  the  jet  drive  converges  to  40 
a  steerable  nozzle  at  approximately  the  static  water 
line.  t4)  The  inboard  which  consists  of  an  exposed  pro¬ 
peller  located  beneath  the  stern  of  the  boat  and  for¬ 
ward  of  a  rudder  Said  propeller  is  driven  by  a  shaft  f 
which  passes  through  the  bottom  of  the  boat  at  a  shal-  5 
low  .ingle  and  is  supported  by  suitable  bearings  and 
water  seals  attached  directly  to  the  boat.  Said  shaft  is 
driven  bv  an  inboard  engine  usually  equipped  with  a 
clutch  and  forward  and  reverse  gear  transmission.  No 
provision  is  made  for  obstruction  clearance  and  effec¬ 
tive  draft  is  essentially  the  same  as  1  and  2. 

All  of  the  aforementioned  prior  art  drive  systems 
have  limitations  and  or  disadvantages  over  which  the 
hoat  drive  system  of  the  present  invention  constitutes 
a  substantial  improvement. 

According  to  a  preferred  embodiment  of  the  inven¬ 
tion.  a  boat  drive  system  is  provided  comprising  a  duct, 
defining  the  propulsion  fluid  flow  path  having  a  for¬ 
ward  facing  inlet,  said  duct  forming  the  other  casing  of 
said  drive  and  designed  to  he  oriented  on  and  partially 
within  a  hoat  hull  so  that  its  longitudinal  axis  is  essen- 
i  .ally  parallel  to  the  longitudinal  axis  of  said  boat,  a  pro¬ 
peller  driving  shaft,  extending  through  said  duct  wall  at 
ti'  uppermost  point  near  the  forward  or  inlet  end  at  an 
angle  not  exceeding  10*  from  the  longitudinal  axis,  said 
shaft  being  free  to  rotate  within  suitably  supported 
bearings  and  sealed  against  water  leakage  at  the  point 
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where  the  shaft  pasves  through  the  duct.  The  aft  end  of 
said  shaft  terminates  at  a  point  centrally  located  within 
said  duct  which  is  cylindrical  in  shape  at  said  termina¬ 
tion  point.  A  propeller  is  affixed  to  the  aft  end  of  said 
shaft  and  having  a  minimal  tip  to  duct  wall  clearance 
and  driven  by  said  shaft,  said  shaft  being  driven  by  an 
integrally  mounted  “V"  gear  drive  Said  "Vgear  drive 
is  driven  by  an  engine  suitably  coupled  10  the  driving 
shaft  of  said  “V"  gear  drive  and  mounted  to  the  boat 
structure.  Said  duct  comprising  the  outer  structural 
shell  of  the  hoat  drive  of  this  invention  incorporates 
controlling  and  reversing  v  anes  and  rudder  controllable 
by  the  boat  operator,  said  controlling  and  reversing 
vanes  being  aft  of  the  propeller  and  faired  within  said 
duct  exit  walls  and/or  within  said  duct  exit. 

In  preferred  practice  the  above  noted  duct  is  reduced 
in  area  aft  of  the  propeller  by  approximately  1/2  the 
propeller  disc  area  and  the  reversing  vanes  are 
mounted  in  such  a  manner  as  to  be  flush  with  the  aft 
duct  walls  in  the  faired  or  straight  forward  boat  operat¬ 
ing  mode.  Thus,  the  duct  exit  area  can  be  between  40 
and  60  percent  of  the  duct  area  at  the  plane  of  said  pro¬ 
peller. 

A  feature  of  the  present  invention  is  the  utilization  of 
prior  art  technology  of  ducted  fan  systems  combined 
with  the  manipulation  of  fluid  flow  by  the  use  of 
semibalanced  vanes  thereby  eliminating  expense  and 
weight  of  complex  reversing  gears,  clutches  and  steer¬ 
ing  mechanisms.  The  boat  drive  of  this  invention  also 
provides  propulsion  fluid  flow  exhaust  at  or  below  nor¬ 
mal  boat  water  line  thereby  improving  boat  wake  which 
is  an  important  consideration  to  water  skiing. 

Since  the  boat  drive  described  herein  incorporates  a 
ducted  propeller,  personal  safety  and  obstruction  pro¬ 
tection  is  essentially  equivalent  to  the  jet  drive.  An  ad¬ 
vantage  is  optimum  performance  at  both  low  speed  and 
high  speed,  lack  of  protrusions  aft  of  the  transom, 
adaptability  to  both  “V”  bottom  and  flat  bottom  boats, 
minimum  effective  draft  increase  and  propeller/drive 
shaft  damage  protection. 

The  invention  will  be  more  clearly  understood  by  the 
description  below  of  a  preferred  embodiment  taken  in 
connection  with  the  accompanying  drawing  wherein 

FIG.  1  is  a  side  longitudinal  partial  cross-scctional 
view  of  the  boat  drive  installed  in  a  typical  manner  ac¬ 
cording  to  the  invention. 

FIG.  2  is  a  bottom  view  of  the  installation  according 
to  the  invention. 

FIG.  3  is  an  end  view  of  the  installation  as  compared 
with  conventional  propeller  type  installation. 

Referring  to  the  drawing,  FIG.  1,  there  is  shown  a 
boat  drive  1,  having  a  duct  2  with  inlet  3  and  outlet  or 
exhaust  4  through  which  the  propulsion  water  flows. 
Said  duct  2  is  circular  in  cross  section  from  the  plane 
of  the  propeller  forward  Within  duct  2,  propeller  6  is 
centered  at  a  point  of  maximum  diameter  of  duct  2. 
Propeller  6  is  affixed  to  and  driven  by  shaft  7  which  is 
free  to  rotate  within  bearings  8  and  9.  Bearing  8  is  sup¬ 
ported  by  strut  10,  which  is  affixed  to  the  upper  inside 
wall  of  duct  2.  Bearing  9  incorporates  a  seal  or  packing 
gland  to  prevent  water  leakage  into  the  boat.  Bearing 
9  is  also  afTixed  to  and  supported  by  the  upper  wall  of 
duct  2.  Gear  box  "V"  drive  11  is  affixed  to  the  upper 
outside  w  all  of  duct  2  and  connects  with  suitable  cou¬ 
pling  to  the  driving  end  of  shaft  7.  It  will  be  noted  that 
the  important  alignment  of  the  propeller,  shaft,  bear¬ 
ings  and  gear  box  6,  7,  8,  9,  10  and  1 1  may  be  accom- 
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I  57 1  ABSTRACT 

A  ho.it  especially  adapted  lor  maneuvering  in  eon 
fined  areas  in  laeilitale  fishing  in  sueli  areas,  and  in 
eluding  a  hull  having  water  tlow  channels  formed  on 
opposite  sides  of  the  Bottom  «*l  the  hull,  mill  screw  or 
propeller  assemblies  positioned  in  each  ol  the  water 
channels  lor  effecting  propulsion  and  steering  of  tile 
boat  The  propeller  assemblies  are  preferablv  eleetri 
calls  powered,  wuh  power  being  supplied  through  a 
pair  of  rheirst.it  controls  disposed  at  opposite  cun- 
whales  ot  the  boat.  The  electrical  circuitrv  includes 
means  lor  reversing  the  direction  in  which  a  propeller 
or  screw  included  in  each  propeller  assemble  is  driven, 
and  lor  controlling  the  rate  at  which  each  propeller  or 
screw  I'  driven  in  rotation  Knee  actuated  levers  are 
preferable  disposed  inboard  of  the  boat  adiaeent  a 
fisherman's  seat  to  facilitate  control  of  the  speed  at 
which  each  of  the  propeller  assemblies  is  driven 
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|  S7 1  abstract 

A  boat  propulsion  system  having  a  downwardly -facing, 
openhottomed  recess  at  the  front  of  a  circumferential- 
Is  enclosed  propellor  which  accelerates  the  inlet  water 
flow  to  the  propellor  without,  however,  requiring  the 
water  to  change  direction  abruptly  A  venturi  throat 
just  behind  ihc  propellor  causes  water  to  be  drawn 
into  the  slipsircatn  through  aumliarv  passages  A  valve 
in  the  propellor  discharge  passage  may  be  closed,  so 
as  to  cause  the  water  displaced  by  tne  ptopellor  to 
flow  through  the  ausibary  passages  to  produce  a  re 
verse  thrust  on  the  boat  Filher  auxiliary  passage  mav 
be  closed  selectively  Arcuate  rudders  pivoted  on  op 
posite  sides  of  the  back  end  on  the  propellor  discharge 
passage  control  the  steering 
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BOAT  PROPULSION  SYSTEM 
BACKGROUND  OF  THE  INVEN  HON 

In  conventional  propellor-opcrated  boat  propulsion 
systems,  the  centrigual  movement  imparted  to  the 
yvater  by  the  rotating  propeller  tends  to  reduce  the 
overall  efficiency  of  the  propulsion  system.  To  offset 
this,  various  propellor  shrouds  have  been  proposed  for 
circumferentially  confining  the  water  displaced  by  the 
propellor.  but  many  such  shroud  arrangements  have 
increased  appreciably  the  drag  on  the  boat. 

In  recent  years  boats  have  been  provided  with  vari¬ 
ous  jet  propulsion  systems  which  have  the  disadvantage 
that  the  water  used  for  propulsion  must  undergo  an 
jbrupt  change  in  direction,  with  a  consequent  waste  of 
power. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  is  directed  to  a  novel  and  im¬ 
proved  boat  propulsion  system  which  largely  over¬ 
comes  the  disadvantages  of  prior  propellor-driv en  and 
jet  propulsion  systems 

In  the  present  system,  a  downwardly-facing,  open- 
bottomed  recess  on  the  bottom  of  the  boat  conducts 
water  with  progressively  increasing  velocity  and  with¬ 
out  abrupt  change  in  direction  to  the  inlet  side  of  a 
propellor.  The  propellor  is  circumferentially  enclosed 
m  a  passage  having  a  venturi  throat  close  behind  the 
propellor  The  venturi  action  of  the  water  displaced  by 
the  propellor  draws  in  water  through  auxiliary  passages 
(o  increase  the  effectiveness  of  the  slipstream  in  propel¬ 
ling  the  boat  forward.  A  valve  in  the  discharge  passage 
behind  the  propellor  may  be  closed,  causing  the  water 
divplaced  by  the  propellor  to  flow  through  the  auxiliary 
passages  and  be  discharged  forwardly  to  produce  a 
reverse  thrust  on  the  boat.  Either  auxiliary  passage  may 
be  closed,  in  which  case  the  flow  of  the  propeller-dis¬ 
placed  watei  through  the  other  will  province  a  turning 
thrust  on  the  ho.it  Pivoted  arcuate  rudders  at  the  back 
end  of  the  propellor  discharge  passage  act  to  confine 
the  slipstream  and  they  effectively  determine  the  steer¬ 
ing  of  the  boat  Preferably,  the  valve  in  the  propellor 
discharge  passage  has  vertical  stabilizers  which  reduce 
swirling  of  the  slipstream 

It  is  a  principal  object  of  this  invention  to  provide  a 
novel  and  improved  boat  propulsion  system. 

Another  object  of  this  invention  is  to  provide  a  novel 
propellor-opcrated  boat  propulsion  system  which  sub¬ 
stantially  avoids  any  abrupt  change  in  the  direction  of 
the  water  displaced  by  the  propellor 

Another  object  of  this  invention  is  to  provide  a  novel 
propellor-opcrated  hoat  propulsion  system  in  which  an 
open-bottomed  water  intake  recess  provides  a  positive 
flow  of  water  to  the  inlet  side  of  the  propellor 

Another  object  of  this  invention  is  to  provide  a  novel 
propellor-opcrated  boat  propulsion  system  in  which  the 
water  displaced  by  the  propellor  produces  a  venturi 
action  for  drawing  m  additional  water  to  the  slipstream 
behind  the  propellor 

Another  object  of  this  invention  is  to  prov.de  a  novel 
propellor  operated  boat  propulsion  system  which  is 
readily  reversible  in  a  novel  and  convenient  manner 

further  objects  and  jdv . ullages  of  this  inv  enlion  w  ill 
he  apparent  frnm  the  following  detailed  description  of 
vcftjin  presently  preferred  embodiments  thereof, 
which  are  illustrated  in  the  jceonip.inv mg  drawings,  in 
w  hie  h 
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FIG  1  is  a  fragmentary  longitudinal  sectional  new 
taken  at  the  stern  of  a  boat  along  the  bottom,  along  the 
tine  1  —  1  in  FIG.  2,  showing  the  principal  parts  of  the 
present  propulsion  system, 

^  FIG.  2  is  a  top  plan  view  of  the  propulsion  arrange¬ 
ment  shown  in  FIG.  I; 

FIG  3  is  a  perspective  view  showing  the  hack  end  of 
the  propellor  discharge  passage  in  this  propulsion  sys¬ 
tem.  with  the  valve  therein  in  its  fully-open  position. 

10  FIG.  4  is  a  view  similar  to  FIG  3,  but  showing  the 
valve  almost  fully  closed  in  the  propellor  discharge 
passage; 

FIG.  5  is  an  end  view  looking  into  the  propellor  dis¬ 
charge  passage  having  a  valve  therein  with  vertical 
15  stabilizers; 

FIG  6  is  a  longitudinal  section  through  the  propellor 
discharge  passage  in  FIG.  5; 

FIG.  7  is  a  perspective  view  showing  pivoted,  arcuate 
rudders  on  the  back  end  of  the  propellor  discharge 
-0  passage, 

FIGS  8,  9  and  10  are  top  plan  views  showing  the 
present  propulsion  system  with  the  arcuate  rudders  of 
FIG.  7  in  different  steering  positions. 

FIG.  1 1  is  a  rear  elcvational  view  of  a  boat  having 
25  stabilizers  operated  hydraulically  from  the  present  pro¬ 
pulsion  system. 

FIG.  12  is  a  perspective  view  showing  a  boat  pro¬ 
vided  with  trim  labs  operated  hydraulically  from  the 
present  propulsion  system,  and 
30  H1G.  13  is  a  fragmentary  longitudinal  section  showing 
the  inboard-outboard  mounting  of  a  propellor  in  the 
present  boat  propulsion  system 

Before  explaining  the  disclosed  embodiments  of  the 
present  invention  in  detail,  it  is  to  be  understood  that 
35  the  invention  is  not  limited  in  its  application  to  the 
details  of  the  particular  arrangements  shown,  since  the 
invention  is  capable  of  other  embodiments  Also  the 
terminology  used  herein  is  for  the  purpose  of  descrip¬ 
tion  and  not  of  limitation 

40  Referring  to  FIGS  I  and  2,  in  the  propulsion  system 
of  the  present  invention  a  casting  20  on  the  bottom  of 
the  boat  toward  the  stern  provides  a  downwardly-fac¬ 
ing.  open  bottomed  recess  21  that  extends  lengthwise 
centrally  along  the  bottom  of  the  boat  to  a  propellor 
'5  22.  The  propellor  is  on  a  shaft  23  that  is  driven  by  the 
boat  engine  (not  shown)  The  shaft  extends  through  a 
longitudinal  streamlined  fin  24  on  the  casting  20  that 
extends  down  into  'he  recess  21.  The  fin  24  encloses 
the  propellor  shaft  23  for  most  of  the  latter's  extent 
^  inside  the  casting  20  to  avoid  the  additional  drag  on  the 
boat  that  a  rotating  shaft  would  exert  if  exposed  to  the 
water  in  the  recess  21. 

Alternatively,  as  shown  in  FIG  13,  the  propellor  mav 
be  driven  through  a  conventional  inboard  outboard 
5  drive  having  a  streamlined  housing  25  attached  to  the 
roof  of  the  casting  20  near  the  rear  end  of  the  latter's 
open  bottomed  recess  21. 

As  best  seen  in  FIG  l,  the  curved  top  of  the  casting 
20  at  the  front  end  of  the  recess  21  extends  at  an  angle 
0  of  not  more  than  25  degrees  to  the  bottom  surface  26 
of  the  boat  immediately  in  front  of  it.  so  that  there  is  no 
abrupt  change  of  direction  for  the  water  entering  this 
recess  as  the  boat  moves  forward  n  the  water  Rear¬ 
ward  from  the  front  end  of  its  recess  21  the  top  of  the 
s  casting  20  curves  very  gradually  to  extend  substantially 
horizontal  for  most  of  its  extent 

As  shown  in  FIG  2,  the  easting  20  has  a  marginal, 
substantially  honzont.il  lip  27  extending  along  its  oppo 
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157)  ABSTRACT 

A  deep-V  tunnel  stern  boat  has  the  forward  portion  of 
the  tunnel  shaped  for  uniformly  distributing  the  resur¬ 
gent  flow  across  the  width  of  the  tunnel  and  for 
smoothly  forming  the  entrance  curve  to  the  tunnel  to 
optimize  a  suction  tending  to  lift  the  water  into  the 
tunnel  This  is  done  by  recessing  port  and  starboard 
halves  of  the  tunnel  into  the  sides  of  the  hull  bottom 
so  the  tops  of  the  tunnel  halves  are  approximately  par¬ 
allel  with  the  sides  of  thi  hull  bottom  at  the  deep  V 
angle  and  meet  at  an  obtuse  angle  above  the  keel  line 
The  tops  of  the  tunnel  halves  are  graduallv  shaped 
into  a  semi-cylinder  around  the  upper  half  of  the  pro¬ 
peller.  the  tunnel  sides  are  flared  outward  aft  of  the 
propeller,  and  exhaust  ports  are  located  in  the  flared 
tunnel  sides  Such  tunnels  are  also  adapted  for  twin 
tunnel  stern  boats. 

11  Claims,  21  Drawing  Figures 
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1  his  application  is  .1  continuation-in  part  of  ms  so-  5 
pending  parent  application.  Ser  No  JUS. <>75.  filed 
Oct  23.  1**73.  entitled  DFFP-Y  Tt  NM  I  STbKN 
IIOAT.  .iihI  .ih.miloned  upon  the  filing  of  this  applica- 
tion 

I  MF  IN\  F  N  |'|\  I  IMI’KOX  F.MKNT 

I  he  invention  springs  from  sever.il  ve.irs'  experience 
in  ileep-V  tunnel  stern  pl.ming  boats  including  various 
tunnel  shapes  and  Hares,  propeller  positioning  in  tun¬ 
nels.  anil  tunnel  exhaust  sy-tenis.  and  this  experience  15 
has  shown  that  slight  x.iriation  in  some  of  the  parame¬ 
ters  can  have  surprising  effects.  The  invention  seeks  to 
improve  on  the  performance  anil  reduce  the  noise  of 
prior  art  deep  \  tunnel  stern  boats,  anil  the  invention 
inv >>Kes  recognition  of  a  better  tunnel  shape  for  unt- 
formlx  distributing  the  resurgent  flow  and  surface  ten¬ 
sion  lift  across  the  width  of  the  tunnel,  a  better  exhaust 
system.  and  optimum  positioning  of  the  propeller  in  a 
flared  tunnel 

w 

SI  MMARY  OF  I  Fit  INVENTION 

flic  invention  applies  to  a  boat  having  port  anil  star¬ 
board  odes  of  the  hull  bottom  inclined  upward  from 
the  keel  line  in  a  ileep-V  angle  anil  having  a  propeller 
substantially  housed  in  a  stern  tunnel  The  port  and  '<> 
starboard  halves  of  the  forward  region  of  the  tunnel  are 
recessed  respectively  into  the  sides  of  the  hull  bottom 
to  a  depth  progressive!)  increasing  with  distance  aft 
from  the  forward  end  of  the  tunnel  The  tops  >>f  each  of 
the  halves  of  the  forward  region  of  the  tunnel  are  gen-  " 
erullv  flat  and  approximate!)  parallel  with  the  sides  of 
the  hull  bottom  at  the  deep  A'  angle  and  meet  at  an 
obtuse  angle  above  the  keel  line  The  halves  of  the 
tunnel  have  a  constant  width  of  slightlx  more  than  the 
radius  of  the  propeller,  and  the  tops  of  the  tunnel  J,> 
halves  are  gradually  shaped  into  a  semi-cylinder  around 
the  upper  half  of  the  propeller  The  invention  also 
includes  an  aft-of-propeller  region  terminating  in  a 
plane  perpendicular  to  the  rotational  axis  of  the  propel¬ 
ler  with  the  tunnel  opening  radiallx  outward  around  4  5 
substantial!)  the  entire  perimeter  of  the  tunnel  at  the 
after  edge  of  the  aft  of  propeller  region. 

DRAWINGS 

FIG  I  is  a  longitudinal  cross-sectional  view  of  a  pre-  ‘',l 
ferred  embodiment  of  the  inventive  ileep-V  tunnel 
stern  boat. 

FIG  2  is  a  fragmentary  bottom  view  of  the  stern  end 
of  the  tunnel  of  the  boat  of  FIG  I; 

FIG  3  is  a  fragmentary  rear-elov ation.d  view  of  the  - 
tunnel  of  the  boat  of  FIG  1  with  the  rudder  removed. 

FIGS  4  and  5  are  fragmentary  bottom  views  of  the 
stern  end  of  alternative  tunnels  for  the  boat  of  FIG.  I; 

FIG  6  is  a  fragmentary  rear  -elev ational  view  of  the 
tunnel  of  FIG  5  with  the  rudder  removed. 

FIG  7  is  a  fragmentary ,  bottom  view  of  the  tunnel  of 
the  boat  of  FIG  I  with  equipment  removed, 

FIGS  K-12  are  respective  cross  sectional  views 
taken  along  the  indicated  lines  for  the  tunnel  of  FIG  4; 

I  IG  13  is  a  fragmentarv  bottom  v  iew  of  a  twin  tunnel  h<1 
version  of  the  invention. 

MG  14  is  a  cross  sectional  view  of  the  boat  of  FIG 
13  taken  along  the  line  14  —  14  thereof. 


Il(  >  I  5  is  a  lr.ienicnl.irv  stern  elev  ational  vte-v  .  >t  tlic 
bo.il  ol  HG  13: 

FIG  I  b  is  a  Iragmentarv  hoi  tom  v  iew  ol  another  twin 
tunnel  version  of  the  invention. 

FIG  17  is  a  fragment.!)  cross-sectional  view  of  the 
boat  of  MG  16  taken  along  the  line  17  —  17  thereof. 

FIG  IK  is  a  Iragmentarv  stern  elev  ational  view  »>f  the 
hiv.it  of  |-  IG  1 6; 

FIG  1*4  is  a  fragmentary  rear  elev  ational  view  of 
another  preferred  embodiment  of  the  inventive  tunnel 
stern  boat  with  the  rudder  removed  to  better  illustrate 
a  preferred  tunnel  shape. 

MG  20  is  a  fragmentary  longitudinal  cross-sectional 
view  of  the  boat  of  MG  19;  and 

FIG  21  is  a  Iragmentarv  I  ttnm  view  of  the  ho.it  of 
FIG  19. 

DETAILED  DESCRIPTION 

As  shown  m  FIG  I.  boat  10  has  a  dccp-Y  hull  II 
having  a  stern  tunnel  12  gradual!)  enlarging  above  keel 
line  14  ns  it  extends  aft  to  transom  13.  A  propeller  15 
is  turned  in  tunnel  12.  and  a  moxahle  rudder  16  and  a 
fixed  vane  17  are  arranged  aft  of  propeller  15  for  steer¬ 
ing  boat  10.  In  the  region  of  propeller  15  the  top  of 
tunnel  12  is  semi-cylindrical  and  Tits  fairly  close!)  oxer 
the  top  of  propeller  15.  The  inxcnlion  involves  a  more 
efficient  shape  for  tunnel  12.  a  hotter  exhaust  system 
for  boat  10.  and  the  correct  positioning  of  propeller  15 
in  tunnel  12.  as  described  below 

As  best  shown  in  FIGS  2  and  3.  tunnel  12  fits  fairlx 
closelx  around  propeller  15  with  a  clearance  of  an  inch 
or  less  and  extends  aft  of  propeller  15  a  short  distance 
and  then  flares  horizontally  outwardly  The  aft-of- 
propeller  region  of  tunnel  12  has  a  shape  fitting  around 
propeller  15  and  extending  aft  of  the  trailing  edge  of 
the  blades  of  propeller  15  as  indicated  by  broken  line 
IK  for  25'7  to  4tl'<  of  the  radius  of  propeller  15  to 
broken  line  19.  The  aft-of-propeller  region  of  tunnel  12 
enlarges  slightlx  in  cross-sectional  area  as  il  extends  aft 
from  line  IS  to  line  19.  hut  any  outward  taper  of  tunnel 
1 2  between  lutes  IK  and  19  is  preferably  very  slight  and 
does  not  exceed  5°  to  7°.  A  larger  taper  would  permit 
rearward  ventilation  reducing  efficiency  and  causing 
noise  and  vibration  from  cavitation  The  spjee  extend¬ 
ing  for  25'x  to  4UT  of  the  propeller  radius  in  the  aft-of- 
propeller  region  of  tunnel  12  between  lines  IS  and  |9 
holds  the  water  in  tunnel  12  sufficient!)  to  prevent 
propeller  15  from  cax  dating,  hut  does  not  extend  so  far 
as  to  increase  the  turbulence  and  drag  The  stream  of 
water  thrust  aft  by  propeller  15  lends  to  expand  slightlx 
as  it  proceeds  alt,  and  the  distance  between  lines  IS 
and  19  in  the  alt-of-propcller  region  of  the  tunnel  is 
short  enough  so  as  not  to  interfere  with  the  natural 
expansion  of  ihe  water  stream  from  propeller  15.  Ex¬ 
tending  the  aft-of-propeller  region  of  the  tunnel  aft  b\ 
more  than  4tlG  of  the  propeller  radius  causes  turbu¬ 
lence.  noise,  and  drag,  and  shortening  the  aft -of- 
ptopcllcr  region  to  lees  than  25'7  of  the  propeller  ra¬ 
dius  causes  cavitation,  efficiency  loss,  and  noise 

funnel  12  has  a  discharge  icgion  aft  of  line  19  and 
the  aft-of-propeller  region,  and  the  discharge  region 
extends  to  transom  13  .it  the  after  end  of  tunnel  12 
where  tunnel  12  opens  out  at  the  stern  of  boat  10.  In 
the  discharge  region  the  side  walls  20  of  tunnel  I  2  flare 
sharply  outward  horizontally  at  preferably  30”  o r  more 
from  the  keel  line  14  to  allow  plenty  of  room  for  the 
ballooning  or  expanding  water  stream  from  propeller 
15  and  clearance  for  operation  of  rudder  16.  Also. 
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[57]  ABSTRACT 

A  propelling  device  for  a  propeller-driven  boat  com¬ 
prising  a  longitudinally  emending  tunnel  disposed  at 
the  aft  portion  of  the  boat  housing  a  propeller  for  rota¬ 
tion  at  a  level  above  the  keel  of  the  boat.  A  pair  of 
deflector  fins  are  pivotally  carried  for  rotation  about 
parallel  vertical  axes  located  on  opposite  sides  of  the 
longitudinal  axis  of  the  tunnel  at  a  position  rearwardly 
of  the  propeller.  A  curved  deflector  plate  is  pivotably 
supported  for  movement  about  a  horizontal  axis  rear¬ 
wardly  of  the  fins  for  movement  betw  een  a  raised  inop¬ 
erative  position  and  a  lowered  operative  position. 

5  Claims,  13  Drawing  Figures 
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.  water,  it  is  not  necessary  to  reverse  the  rotation  of  the 

DEVICE  FOR  PROFELLING  BOATS  propeller  in  the  driving  device,  which  simplifies  the 

structure  of  the  latter  as  the  gears  may  be  replaced  by 
CROSS  RELATED  APPLICATION  belts  with  the  consequent  lowering  of  costs. 

This  application  is  a  continuation  of  application  Ser.  5  On  the  other  hand,  the  fact  that  the  propeller,  the 
No  476,034  filed  June  3,  1974  (now  abandoned).  biasable  fins  and  the  curved  plate  controlling  the  re- 

This  invention  relates  to  a  new  device  for  propelling  verse  motion  are  above  the  keel  line  makes  it  possible 

boats  and  is  directed  principally  towards  increasing  the  to  drag  the  hull  along  a  beach,  up  a  ramp,  or  onto  a 

output  of  the  propellers  and  the  reliability  of  the  pro-  conventional  truck,  without  damaging  the  said  parts, 

pclling  system.  10  Furthermore,  the  boat  may  be  sailed  in  low  water  or 

The  devices  used  at  present  for  propelling  boats.  where  there  are  obstacles  without  endangering  the 

either  for  sport  or  commercially,  may  be  of  the  propel-  propeller  or  the  steering  device. 

Icr  type  or  the  jet  type.  The  arrangement  of  the  variant  allows  the  device  of 

In  the  case  of  boats  of  the  propeller  type  several  this  invention  to  be  adapted  to  normal  vessels,  improv- 

variants  are  used,  such  as  attaching  the  engine  inside  15  ing  the  performance  of  the  pnme  mover  without  any 
the  boat  with  the  propeller  fixed  beneath  the  hull;  at-  major  modifications  and  obtaining  the  reverse  motion 

taching  the  engine  outside  the  boat,  or  both  inside  and  of  the  boat  without  reversing  the  running  of  its  engine, 

outside  the  boat,  with  the  propeller  mounted  on  a  mov-  In  order  to  explain  clearly  this  invention  and  the  best 

able  leg.  made  for  carrying  it  out,  a  preferred  embodiment  of  the 

The  jet  type  boats  may  use  an  inside  pump  with  an  20  same  will  now  be  described  with  reference  to  the  an- 
outside.  generally  movable,  jet;  or  a  movable  pump  nexed  drawings  in  which: 

attached  outside  the  boat.  FIG.  1  is  a  side  elevation  vein  of  a  boat  embodying 

Over  the  years  the  propeller  system  has  been  modi-  the  propelling  systems  according  to  the  present  inven- 
fied  many  times,  increasing  the  mechanical  complexity  tion,  using  a  belt  control; 

as  well  as  the  capital  investment  and  the  operating  and  25  FIG  2  is  a  plan  view  of  a  boat  embodying  the  said 
maintenance  costs.  propelling  system,  using  direct  control; 

It  is  thus  necessary  to  develop  mechanical  devices  FIG.  3  is  a  front  elevation  view  of  the  stem  transom 
that  arc  rimplcr,  perform  better  and  cost  less.  The  art  of  a  boat  embodying  the  propelling  system  of  this  in- 

arrived  thus  at  the  hydrojet  system  which  meets  the  vention: 

first  two  requirements  but  is  somewhat  costly.  30  FIG.  4  shows  schematically  the  biasable  fins  turned 

The  propelling  device  according  to  the  presertt  inven-  towards  the  left; 
tion  is  mechanically  simple,  of  high  performance  and  FIG.  5  shows  schematically  the  biasable  fins  turned 

low  cost  and  has  additionally  a  number  of  very  impor-  towards  the  right; 

tant  advantages.  FIG  6  shows  schematically  the  curved  plate  in  break  - 

The  propelling  device  of  this  invention  uses  a  propel-  35  ing  or  reverse  motion  position; 
ler  of  conventional  or  special  type  that  rotates  in  the  FIG  7  shows  schematically  the  curved  plate  in  an 

end  of  a  tunnel-shaped  cavity,  open  below,  provided  in  intermediary  position; 

the  hull;  the  rotation  of  the  propeller  being  such  that  FIG  8  shows  in  longitudinal  section  a  boat  equipped 

the  circumference  described  by  the  end  points  of  the  with  the  variant  of  the  propelling  device  according  to 
propeller  blades  lies  in  a  plane  normal  to  the  axis  of  the  40  the  invention; 

passage  and  over  the  keel  line  of  the  boat.  FIGS.  9  to  1 1  are  views  of  the  boat,  such  as  the  one 

The  propeller  thus  operates  partially  encased,  mov-  shown  in  FIG.  8,  seen  from  the  stem  and  in  various 
ing  the  water  coaxially  with  respect  to  the  axis  of  rota-  positions  of  the  biasable  fins; 

tion  of  the  propeller.  The  thus  activated  mass  of  water  FIG.  12  is  a  view  similar  to  that  of  FIG.  8,  but  show- 
passes  between  two  biasable  fins  rotatably  mounted  on  45  ing  the  reverse  motion  plate  in  operative  position;  and 
vertical  shafts  and  capable  of  deflecting  horizontally  FIG.  13  is  a  perspective  view  of  a  boat  equipped  with 

the  mass  of  water,  thus  controlling  the  bearing.  the  device  according  to  the  variant  shown  in  FIG.  8. 

The  reverse  motion  is  obtained  by  means  of  a  curved  In  these  drawings,  the  same  reference  numbers  iden- 
plale  interposed  in  the  exit  section  of  the  mass  of  water  tify  identical  or  corresponding  parts  of  the  device  ac- 
and  deflecting  the  same  downwards  and  forwards,  thus  50  cording  to  this  invention,  which  comprises  a  propeller  1 
producing  by  reaction  the  breaking  or  reverse  motion  mounted  on  a  shaft  2  and  housed  in  a  tunnel  3  at  the  aft 
of  the  boat,  the  direction  being  controlled  by  the  com-  section  of  the  hull  of  boat  4,  the  tunnel  being  open 
bined  actions  of  the  biasable  fins  and  the  curved  plate.  below,  the  height  of  which  tunnel  increases  towards  the 
In  a  variant,  the  tunnel-shaped  cavity  extends  from  stem  of  the  boat  4  so  that  the  circumference  4'  de- 
the  stem  transom  to  the  outside  of  the  lull  by  means  of  55  scribed  by  the  end  points  of  the  propeller  blades  lies  in 
a  tubular  casing  the  upper  part  of  which  extends  be-  a  plane  normal  to  the  axis  of  passage  ,  which  of  the 
yond  a  rear  end  section,  forming  housings  for  the  shafts  tunnel  is  situated  above  the  keel  line  of  the  boat  4.  The 
of  two  parallel  fins  arranged  at  each  side  of  the  propel-  propeller  1  operates  partially  encased  in  the  tunnel  3, 

ler,  adjacent  to  the  said  end  section,  and  for  a  third  practically  as  if  it  were  a  jet  system  pushing  the  water 

shaft  which  is  perpendicular  to  the  said  two  shafts  and  60  towards  the  stem  coaxially  w-ith  respect  to  the  shaft  2. 
supports  the  curved  plate,  in  addition,  three  partitions  Biasable  fins  7  and  8  are  mounted  relatively  on  shafts 
are  provided  inside  the  tunnel.  5  and  6  and  are  arranged  parallel  to  each  other  so  that 

The  propeller  thus  operates  with  a  marked  improve-  the  mass  of  water  impelled  by  the  propeller  1  passes 
ment  in  performance,  and  the  propelling  system  com-  between  them;  thus,  by  changing  the  position  of  the 
bines  the  simplicity  and  high  yield  of  the  jet  systems  65  said  fins  the  direction  taken  by  the  mass  of  water  may 
with  the  relatively  low  cost  of  the  conventional  systems.  be  changed  and  consequently  the  direction  of  move- 

in  fact,  by  producing  (he  reverse  motion  of  the  boat  ment  of  the  boat  may  be  controlled  (FIGS  4,  5,  9,  10 

by  reversal  of  the  direction  of  movement  of  the  mass  of  and  II)  In  order  to  keep  the  fins  7  and  8  parallel  to 
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(57)  ABSTRACT 

This  invention  of  an  amphibious  air  track  vehicle  con 


sists  of  five  major  assemblies  There  are  two  equally 
spaced  and  parallel  floatable  elongated  bodies  each  of 
which  is  encompassed  by  a  belt  having  a  plurality  of 
extended  space,  parallel  and  laterally  disposed  float¬ 
able  cleats;  and  drive  sprockets  which  rotate  ihe  belts 
about  the  elongated  bodies.  Rotation  apparatus  foi  the 
belts  is  contained  within  each  body,  and  a  plurality  of 
buoyant  wheels  each  having  low  pressure  tires 
thereon,  and  secondly  wheels  being  mounted  end  to 
end  on  a  single  axis  to  form  a  floatable  box  like  wheel 
unit,  there  being  two  separate  boxlike  wheel  units,  one 
at  each  end  of  the  vehicle  and  positioned  laterally  he 
tween  each  of  the  floatable  elongated  bodies,  and 
lastly,  a  body  structure  that  forms  a  top  deck,  rectan¬ 
gular  in  form,  that  extends  over  top  of  both  the  [wo 
floatable  elongated  bodies  and  their  hells  and  the  two 
box-like  wheel  units.  The  underside  of  the  htujy  struc¬ 
ture  is  provided  with  a  plurality  of  laterally  extending, 
parallel  and  equally  spaced  vertically -disposed  scmi- 
flexible  curtain-like  structures  that  divide  the  rectan¬ 
gular  space  on  the  under  side  of  the  body  structure 
and  between  the  floatable  elongated  bodies  that  are 
located  w  ith  one  bv>dy  on  and  under  each  side  of  the 
body  structure  and  between  the  box  like  two  wheel 
units  that  provide  four  rigid  support  outer  walls  for  air 
lift  chambers  that  are  divided  into  a  plurality  of  com¬ 
partments  each  of  which  is  supplied  with  a  downward 
flow  of  air  under  pressure  from  a  separate  blower 
mounted  on  top  of  the  body  structure  and  back  of  the 
control  cabin  power  plant  and  forward  of  the  deck 
space. 

6  Claims,  15  Drawing  Figures 
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1 57)  ABSTRACT 

Track  for  all  ground  vehicles,  in  particular  for  equip¬ 
ment  with  endless  tracks,  consisting  of  tubular  mem¬ 
bers  in  th-  form  of  hollow  cylinders  fixed  during  rota¬ 
tion,  of  the  endless  track  each  cylinder  being  welded 
onto  a  U  section  bolted  on  one  of  the  links  of  the 
chain.  Another  embodiment  of  the  invention  discloses 
a  cylinder  being  mounted  so  that  it  can  oscillate  on  a 
transversal  axis  perpendicular  to  its  length.  The  tubu¬ 
lar  member  being  extendible  by  cooperation  of  a 
sleeve  affixed  to  the  outer  extremity  of  the  tubular 
member  and  a  tubular  extension  member. 

4  Claims,  5  Drawing  Figures 
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ENDLESS  TRACK 

The  invention  relates  to  a  track  specially  for  vehicles  ' 
which  have  to  move  on  muddy  ground,  in  particular 
equipment  fitted  with  endless  tracks  such  as  bulldozers, 
crane,  tractor  shovels  or  others.  5 

The  invention  therefore  relates  to  a  track  for  all 
ground  vehicles,  in  particular  for  equipment  fitted  with 
endless  tracks,  characterized  in  that  it  consists  of  a  suc¬ 
cession  of  tubular  members  periodically  entering  into 
contact  with  the  ground.  The  tubular  members  are  hoi-  10 
low  cylinders  closed  at  their  two  ends,  these  cylinders 
being  fined  during  rotation  of  the  endless  track  around 
a  circuit  defined  by  conventional  sprocket  and  return 
wheels. 

According  to  a  characteristic  of  the  invention,  each  15 
cylinder  is  fixed  to  the  chain  of  the  endless  track  by 
means  of  a  L: -section  onto  w  hich  are  welded  two  of  its 
generatrices,  the  section  itself  being  bolted  on  the  links 
of  the  chain. 

According  to  another  characteristic,  each  tubular  *0 
member  is  mounted  so  that  it  can  oscillate  on  an  axle 
which  is  transversal  to  its  generatrices. 

The  invention  also  covers  all  ground  vehicles  such  as 
equipment  fitted  w  ith  endless  tracks  and  equipped  with 
a  track  according  to  the  invention.  25 

A  track  according  to  the  invention  is  illustrated  by 
way  of  a  non  limitative  example,  on  the  accompanying 
figures  in  which 

FIG  1  is  a  schematic  plan  view  of  the  track  on  a  trac¬ 
tor  provided  with  a  levelling  blade.  20 

FIG  2  is  a  cross-sectional  cut  of  one  of  the  cylinders 
of  the  ’rack. 

FIG  3  is  an  axial  view  of  one  of  the  cylinders 
equipped  with  a  tubular  extension  piece. 

FIG  4  is  a  plan  view  illustrating  the  oscillation  of  the  35 
tubular  members. 

FIG  5  is  a  cross-sectional  view  of  FIG  4,  along  the 
axis  AA. 

I  he  track  consists  of  a  succession  of  tubular  mem¬ 
bers  I  in  the  form  of  hollow  cylinders  completely  40 
sealed  at  their  ends;  these  cylinders  have,  in  the  exam¬ 
ple  under  consideration,  a  length  of  0  85  m  and  a  diam¬ 
eter  of  0. 1 4  m.  each  of  the  cylinders  being  fixed  to  the 
usual  chain  2  of  the  equipment  fitted  with  endless  ^ 
tracks  by  means  of  sections  3  having  a  transversal  sec¬ 
tion  in  the  form  of  a  U 

Each  section  3  (  FIG  2 )  is  connected  to  the  link  4  of 
the  chain  by  means  of  pins  and  nuts  5,  each  cylinder 
being  welded  at  6  onto  the  upper  edges  of  these  sec- 
turns 

The  two  welding  areas  extend  over  the  whole  length 
of  the  sections  following  two  of  the  generatrices  of  the 
cylinders 

The  cylinders  I  extend  over  the  whole  perimeter  of  ^ 
the  chain  so  as  to  enter  successively  into  contact  with 
the  ground  as  the  chain  moves  driven  by  the  sprocket 
wheel  7  whose  teeth  8  engage  with  the  links  4  of  the 
chain  These  cylinders,  as  represented  in  FIG,  I,  ap¬ 
proach  one  an.ither  in  the  straight  parts  9  of  the  chain  ^ 
jnd  divert  progressively  in  the  two  curved  areas  10  on 
account  of  their  winding  themselves  onto  the  sprocket 
wheel  7  and  the  return  wheel  11,  which  enables  the 
mud  accumulated  between  the  cylinders  I  to  be  evacu¬ 
ated  simply  by  gravity. 

These  cylinders  overlap  each  side  of  the  chain  2  and 
extend  over  a  relatively  considerable  width  thereby  ap¬ 
preciably  increasing  the  surface  contact  area  of  the 


2 

track  links  vvith  the  ground.  This  increase  in  the  surface 
area,  compared  with  the  use  of  the  traditional  track- 
links  used  with  equipment  fitted  with  endless  tracks, 
enable  the  risk  of  equipment  sinking  into  muddy 
ground,  particularly  when  the  equipment  is  used  in 
draining  or  clearing  operations  related  to  marshes  or 
pools,  to  be  avoided. 

In  addition,  these  cylinders  increase  the  general  di¬ 
ameter  of  the  track  enabling  the  equipment  to  sur¬ 
mount  without  difficulty  such  obstacles  as  slopes  or 
others 

The  carrying  surface  of  the  equipment  can  be  further 
augmented  by  means  of  tubular  extension  pieces  12 
(FIG.  3)  which  axially  prolong  the  cylinders  1,  these 
tubular  extension  pieces  being  maintained  in  position 
by  the  sleeves  13  which  surround  a  part  of  the  cylinders 
and  overlap  a  pan  14  of  these  extension  pieces 

The  sleeves  13  comprise,  at  their  extremity  fixed 
toward  the  interior  of  the  endless  track,  an  end  piece 
IS  bent  to  90°,  this  angle  piece  can  be  opposite  another 
identical  angle  piece  16  welded  at  17  on  the  cylinders 
1,  these  angle  pieces  IS  and  16  being  fitted  by  means 
of  bolts  and  nuts  18. 

In  order  to  avoid  deforming  the  tubular  extension 
pieces  12,  it  is  possible  to  use  elastic  elements,  notably 
large  diameter  tires,  mounted  on  the  axis  19  and  20  of 
the  return  wheel  and  the  sprocket  wheel  Thus  the  cyl¬ 
inders  arc  maintained  in  position  by  the  track  of  the 
tire,  which  plays  the  role  of  a  shock  absorber  and  thus 
avoids  the  axial  deformation  of  said  cylinders 

.As  represented  on  the  FIGS.  4  and  5,  each  tubular 
member  I  may  be  mounted  so  that  it  can  oscillate  on 
an  axle  25,  on  which  turns  a  axle  sleeve  26.  Thus  each 
tubular  member  I  is  provided  with  a  axle  sleeve  26. 
welded  at  27,  this  axle  sleeve,  a  part  of  the  tubular 
member  surrounds  axle  25.  and  can  turn  with  respect 
to  the  axle  25  which  is  fixed  to  remain  perpendicular 
to  the  axis  of  the  tubular  member  during  rotation  of  the 
endless  chain.  Thus,  .as  illustrated  in  FIG  5,  the  axle  25 
is  maintained  at  its  two  extremities  in  the  two  rings  28. 
welded  on  the  U-section  3,  which  is  screwed  onto  the 
link  4  of  the  chain  The  axle  25  is  immobilised  during 
rotation  by  the  pins  27,  which  pass  through  it  and  pene¬ 
trate  into  the  rings  28.  The  tubular  member  1,  inte¬ 
grally  connected  to  axle  sleeve  26  at  27,  can  rotate 
around  fixed  axle  25  in  a  direction  perpendicular  to  the 
length  of  the  tubular  member  I.  Axle  sleeve  26  sur¬ 
rounds  fixed  axle  25,  but  is  of  lesser  length  and  of 
greater  diameter  than  axle  25. 

The  lesser  length  of  axle  sleeve  26  allows  axle  25  to 
be  fixed  to  the  chain  link  by  rings  2S  welded  on  L- 
section  3.  The  greater  diameter  of  axle  sleeve  26  allows 
rotation  of  the  axle  sleeve  and  the  integrally  connected 
tubular  member  1.  around  the  axle  25. 

On  account  of  this  design,  each  tubular  organ  of  the 
track  is  mounted  so  that  it  can  rock  and  it  can  therefore 
take  up  various  angular  positions,  of  the  type  showed 
by  the  hatched  lines  on  FIG.  I  so  as  to  pass  over  any 
obstacle,  whether  it  is  a  stone,  a  tree  root,  or  other  ob¬ 
stacle  in  the  path  of  the  mov  ing  track. 

This  oscillating  mounting  of  the  tubular  members  has 
the  advantage  not  only  of  enabling  the  track  to  ignore 
obstacles,  but  also  to  preserve  the  chain  from  any 
unecevxary  strains  which  migh'  reduce  its  life  Thus,  as 
the  tubular  members  arc  mourned  so  that  they  can  os¬ 
cillate.  the  chain  is  always  in  the  same  plane  and  is 
therefore  not  under  unecessay  strain 
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|  57 1  ABSTRACT 

A  composite  v* heel,  fur  a  heave  dtitv  vchivlc  having  a 
barrel  member  with  an  inner  laser  ul  l.uinnaleil  l.ipe 
structure  wound  nil  an  uut  uf  round  shaped  mandrel 
The  barrel  member  has  a  plurality  of  formed  sections  uf 
chopped  fibeis  in  an  epovv  resin  I  he  inner  surface  ul 
each  section  conforms  to  the  out  of  round  tape  struc¬ 
ture  and  the  outer  surface  forms  Ihe  tire  head  retainers 
and  drop  center  portion  of  the  a  heel  An  outer  laser  of 
laminated  tape  structure  surrounds  the  formed  sec¬ 
tions  A  wheel  web  member,  made  of  chopped  fibers  in 
an  epoxv  resin  has  its  outer  surface  conforming  to  the 
out  of  round  configuration  of  the  harrcl  member  The 
web  member  is  made  of  two  sections  w  hic  h  are  secured 
to  the  barrel  member. 

2  Claims.  14  Drawing  Figures 
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(57]  ABSTRACT 

A  ground  traction  device  is  disclosed  sshich  comprises 
ground  engaging  members  including  first  and  second 
parts,  the  parts  being  mounted  for  rotation  on  a  fixed 
axis  and  being  rotationally  offset  with  respect  to  each 
other  about  the  axis  The  peripheral  surface  of  e.i_h  pari 
includes  three  individual  areas  arranged  in  Ihe  form  of 
an  equilateral  triangle  seirh  ends  of  adjacent  areas  being 
joined  by  lobe  portions  The  ground  engaging  portions 
are  constructed  of  molded  rubber  and  provide  im¬ 
proved  traction  in  soft  ground.  The  properties  of  ihe 
rubber  are  selected  in  relatii m  to  ihe  vv eight  .  >f  a  v  ehn  d 
to  be  moved  so  it  .u  the  ground  engaging  i.n tuber  ro 
tan  s  jbv'ui  a  true  r  ■  •ilim:  radius  over  u.ir.i  g-  ••.uni 

10  Claims.  5  l)ra«ing  Figures 
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GROUND  TRACTION  DEVICES 

THIS  INVENTION  relates  to  ground  traction  de¬ 
sires.  and  particularly  to  sm.  h  devices  for  operation  s 
user  soli  ground  The  iiiseiilion  is  applicable  to  many 
different  types  of  vehicle  or  structure  that  it  is  desired  lo 
move,  but  for  convenience  it  is  described  herein  in  its 
application  to  a  helicopter  fitted  with  a  skid-type  under¬ 
carnage.  10 

In  operation,  helicopters  bas  ing  such  undercarriages 
may  be  required  lo  land  on  unprepared  soft  ground  that 
is  incapable  of  supporting  the  weight  of  the  helicopter 
as  applied  by  the  skids,  so  that  the  skids  sink  into  the 
surface  and  make  the  fitment  of  ground  handling  wheels  I  5 
difficult  or  impossible.  Even  if  it  were  possible  lo  fit  the 
ground  handling  w  heels,  movement  of  the  helicopter 
would  necessitate  some  form  of  towing  apparatus 
which  may  itself  be  restricted,  due  to  the  soft  ground 
state.  Furthermore,  in  some  operational  environments  20 
such  towing  apparatus  either  may  not  be  available  or  its 
use  may  not  be  convenient. 

Conventional  wheeled  attachments  are  not  suitable 
for  permanent  fitment  to  the  skids,  due  to  the  relatively 
large  size  which  would  be  required  to  support  the  25 
weight  of  the  helicopter  on  soft  ground  and  the  inevita¬ 
ble  drag  penalty  caused  thereby  during  flight. 

Accordingly,  in  its  broadest  aspect,  the  invention 
provides  a  ground  traction  device  including  a  ground 
engaging  member  arranged  for  rotation  about  an  axis  30 
and  having  a  peripheral  ground  engaging  surface  gener¬ 
ated  by  motion  of  a  line  generally  parallel  to  said  axis, 
and  in  a  pith  comprizing  a  plurality  of  individual  arcs 
each  of  a  similar  radius  that  is  greater  than  the  shortest 
distance  between  the  axis  and  the  generated  surface.  35 
Ends  of  adjacent  arcs  may  be  blended  together  so  as 
to  provide  curved  lobe  portions  having  a  radius  prefera¬ 
bly  less  than  the  distance  between  the  axis  of  rotation 
and  the  generated  surface. 

Preferably,  the  ground  engaging  member  comprizes  40 
first  and  second  parts  having  similar  peripheral  shapes, 
the  parts  being  rotationallv  fixed  to  each  other  and 
rotationally  offset  about  the  said  axis  of  rotation.  The 
first  and  second  parts  may  be  axially  spaced-apart  and 
may  be  connected  to  a  common  drive  shaft,  and  means  45 
may  be  prov  ided  lo  rotate  the  shaft  so  as  to  cause  simul¬ 
taneous  rotation  of  the  first  and  second  parts  of  the 
ground  engaging  member. 

The  ground  engaging  member  is.  preferably,  con¬ 
structed  of  rubber,  and  the  properties  of  the  rubber  may  so 
he  selected  in  relation  to  the  weight  of  a  structure  to  be 
moved  so  that,  when  operating  on  a  hard  surface,  the 
ground  engaging  member  behaves  as  a  generally  circu¬ 
lar  wheel  of  constant  radius 

In  a  preferred  embodiment  of  the  invention,  the  pe-  ss 
ripheral  surface  of  each  of  the  first  and  second  parts  is 
generated  b>  three  individual  arcs  arranged  gi  ncrally  in 
the  form  of  an  equilateral  triangle,  the  first  and  second 
parts  of  the  ground  engaging  member  being  rotationallv 
offset,  conveniently,  by  approximately  P0'.  Preferably.  K) 
the  radius  of  each  arc  is  at  least  tw  ice  the  said  shortest 
distance  dimension,  and  in  the  particular  embodiment 
described  below  is  23f  percent  of  said  distance  dimen¬ 
sion  The  radius  of  lobe  portions  at  the  junctions  be¬ 
tween  said  arc-generated  portions  is.  preferably,  ap-  65 
proximalely  one  half  of  said  distanvc  dimension 

In  another  aspect  the  invention  extends  to  a  vehicle 
fitted  with  at  least  one  ground  traction  device  of  the 
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aforesaid  construction  The  vehicle  may  comprize  a 
helicopter  that  may  be  fitted  with  a  skid  undercarriage 
comprizing  two  laterally  arranged  tubular  skids  sup¬ 
ported  from  a  fuselage  and  generally  parallel  to  a  longi¬ 
tudinal  centreline  thereof  Conveniently,  in  such  in 
arrangement,  a  ground  traction  device  may  be  provided 
adjacent  each  end  of  each  vkid.  each  device  having, 
preferably,  first  and  second  parts  of  a  ground  engaging 
member  located  on  opposite  sides  of  its  respective  skid 
and  connected  by  a  common  drive  shaft  evtendmg 
through  the  skid.  A  power  unit  and  transmission  s\  stem 
may  be  located  within  the  tubular  skid  for  each  device, 
and  may  be  operatively  associated  with  the  drive  shaft 
Power  and  control  supplies  may  be  routed  through 
hollow  struts  supporting  each  skid,  and  conto  I  means 
may  be  provided  in  the  helicopter  to  effect  mdt  p  orl  -r.t 
rotation  of  the  ground  traction  devices  at  variable 
speeds  and  in  both  directions  of  natation 

In  yet  another  aspect  the  invention  provide-  a  heli¬ 
copter  having  a  skid  undercarriage  comprizing  two 
lateral  tubular  skids  supported  from  a  fuselage  and  gen¬ 
erally  parallel  to  a  longitudinal  centr  line  thereof,  a 
ground  traction  device  attached  adjacent  both  ends  of 
each  tubular  skid,  each  device  including  a  ground  en¬ 
gaging  member  arranged  for  rotation  about  an  axis  and 
comprizing  first  and  second  parts  located  respectively 
at  opposite  sides  of  the  skid,  each  part  having  a  periph¬ 
eral  surface  generated  by  motion  of  a  line  about  an  axis 
of  rotation,  parallel  with  said  line,  in  a  path  comprized 
of  three  arcs  of  similar  radius  and  arranged  generally  in 
the  form  of  an  equilateral  triangle,  the  radius  being  of 
greater  dimension  than  the  shortest  distance  between 
the  axis  of  rotation  and  any  point  on  the  surface,  the  first 
and  second  parts  of  the  ground  engaging  member  being 
rotationally  fixed  at  the  ends  of  a  drive  shaft  extending 
through  the  tubular  skid  and  being  ofTset  rotationally 
with  respect  to  each  other  by  approximately  hO*.  a 
power  source  and  transmission  means  located  within 
the  tubular  vkid  and  operatively  associated  with  said 
drive  shaft  so  as  to  cause  simultaneous  rotation  of  the 
first  and  second  parts  of  the  ground  engaging  member. 

The  invention  will  now  be  described  hv  way  of  exam¬ 
ple  only  and  with  reference  to  the  accompanying  draw¬ 
ings,  in  w  hich 

TIG.  1  is  a  fr.igment.il  y  side  elevation  of  one  end  -  if  a 
helicopter  skid  undercarriage  filled  with  a  ground  trac¬ 
tion  device  constructed  in  accordance  w  1 1 h  one  embodi¬ 
ment  of  the  invention. 

FIG  2  is  a  part  sectioned  v.cvv  taken  <  n  line-  A  -  \ 
of  FIG  I. 

FIG  3  |s  a  part  sectioned  plans  a'.v  oil  |(  j 

FIG  4  is  a  detail  v  ;evv  of  a  part  >  f  t  lie  ground  t.c"  on 

dev  ice.  and 

FIG.  5  is  a  fragmentary  plans  tew  of  a  hehcopii: 
having  a  skid  undercarriage  filed  with  ground  Taction 
devices  according  to  the  invention 

Referring  to  FK  iS  I,  2  and  3,  a  tubular  -  kid  11  f.  -rul¬ 
ing  part  of  a  helicopter  -kid  undercarriage  is  atta.  bed  to 
3  helicopter  (not  shown)  by  a;  least  one  tubular  strut  12 

A  ground  traction  device,  generally  indicated  at  13.  is 
located  adjacent  one  end  of  the  skid  II  and  Comprizes  a 
ground  engaging  member  14  arranged  for  rotation 
aN’Ut  an  axis  15.  The  ground  engaging  member  14  corn- 
prizes  two  coaxially  arranged  parts.  14,;  and  14b  respec¬ 
tively.  located  one  at  each  side  of  the  skid  II  and  rota- 
tionally  fried  to  a  shaft  16  supported  in  hearings  (not 
shown!  located  in  housings  17  formed  in  the  skid  11 
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[57]  ABSTRACT 

Disclosed  is  a  shock  absorbing  wheel  hub  for  Jltach- 
ment  to  the  axle  of  a  vehicle  The  hub  has  a  centra! 
flange  portion  and  an  annular  rim  The  rim  has  a  pair  of 
spaced  mounting  surfaces  formed  on  the  penplicrs 
thereof  for  attaching  a  pair  of  pneumatic  tires  with 
inclined  road-engaging  treads  A  flange  is  forn.J  on 
the  rim  between  the  mounting  surfaces  and  extends 
radially  outward  between  the  tires.  A  cylindrical 
contact  surface  is  formed  on  the  exterior  of  the  flange 
and  carries  a  tread  thereon  The  central  Bang,  is  pro¬ 
vided  with  bores  for  attachment  to  the  lug  Kill'  of  a 
vehicle  axle  Circumferentially  spaced  it-ihent  spokes 
extend  radially  from  the  central  flange  arid  are  con¬ 
nected  to  the  hub  A  pair  of  inflation  check  calces  are 
attached  to  the  rim  to  communicate  respectively  with 
the  interior  of  each  pneumtr  c  tire.  A  flow  passage  is 
provided  in  the  nm  interconnecting  the  pneumatic  tires 
for  allowing  air  flow  therebetween  An  interchange. ible 
flow  restrictor  is  mounted  in  the  rim  for  controlling  the 
flow  of  air  between  the  two  tires  In  another  embodi¬ 
ment,  the  spokes  have  semtspherical  hearing  surfaces 
formed  thereon  resiliency  held  in  receptacles  formed  in 
the  rim  In  yet  another  embodiment,  the  road-engaging 
surfaces  of  the  tires  arc  curved  from  side  to  side 

13  Claims,  7  Drawing  Figures 
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SHOCK  ABSORBING  WHEEL  HUB 

REFERENCE  TO  RELATED  APPLICATIONS 

This  application  is  a  Contiimation-in-l’arl  ol  an  car-  5 
Iicr  filed  co-pcnding  application  entitled  "Shock  Ab¬ 
sorbing  Wheel  Hub",  Ser.  No  579,476  filed  May  21. 
1976,  now  abandoned,  which  was  a  Continuation-m- 
Part  of  co-pending  application  Ser.  No.  48.1,147  filed 
June  26,  1974,  entitled  “Automobile  Wheel",  now  U  S  10 
Pat  Nc.  3.915,503. 

BACKGROUND  Ol  THE  INVENTION 

The  present  invention  relates  generally  to  wheels  for 
use  on  vehicles.  In  another  aspect,  the  present  invention  15 
relates  to  a  safety  wheel  for  use  in  attaching  pneumatic 
ures  to  a  vehicle  w  hich  minimizes  the  danger  resulting 
from  blowout  of  the  tires  and  provides  improved  con¬ 
trol  stability  of  the  tire.  In  addition,  resilient  spokes  are 
provided  in  the  wheel  and  act  as  springs  to  smooth  the  20 
nde  of  the  vehicle. 

In  the  design  of  wheeled  vehicles,  such  as  automo¬ 
biles,  trucks,  trailers,  and  the  like,  it  has  been  common 
to  use  pneumatic  tires  to  obtain  a  smooth  and  comfort¬ 
able  ride.  These  pneumatic  tires  are  conventionally  25 
mounted  on  the  extenor  of  a  metallic  rim  and  are  in¬ 
flated  through  a  check  valve  attached  to  the  rim.  The 
tires  are  conventionally  manufactured  with  an  outer 
wall  constructed  from  a  flexible  material 

Although  these  pneumatic  tires  provide  a  soft,  com-  30 
foruble  ride,  they  have  not  been  entirely  satisfactory 
under  all  conditions  of  service.  One  undesirable  aspect 
is  that  if  a  sharp  object  inadvertently  comes  into  contact 
with  a  tire,  a  hole  or  puncture  can  lx-  formed  in  a  lire 
allowing  the  tire  to  deflate,  thus  suddenly  reducing  the  35 
tire's  effective  radius  This  sudden  reduction  in  the 
effective  radius  of  a  lire  of  a  vehicle  moving  at  a  high 
rate  of  speed  can  make  steering  and  control  difficult,  if 
not  impossible  during  the  dangerous  period  while  the 
vehicle  is  decelerated  to  a  safe  speed.  In  addition,  dam-  40 
age  can  be  caused  to  the  tire  by  it's  being  compressed 
between  the  rim  and  the  roadway  during  the  bringing  of 
th-  automobile  to  a  halt  Also,  movement  of  the  vehicle 
to  a  safe  place  where  the  tire  may  be  removed  is  diffi¬ 
cult  with  these  conventional  tires  45 

It  has  also  been  conventional  to  use  wheels  having 
more  than  one  tire  thereon.  These  conventional  dual 
tire  wheels,  when  used  on  the  front  of  highway  vehi¬ 
cles.  tend  to  wobble  at  high  speeds. 

SUMMARY  OF  THE  INVENTION 

Therefore,  according  to  the  present  invention,  an 
improved  safety  wheel  is  provided  having  a  pair  of 
parallel  mounted  pneumatic  tires  thereon  and  a  flange 
which  extends  substantially  outward  between  the  pair  55 
of  pneumatic  tires  to  support  the  vehicle  w  hen  the  tires 
become  deflated  and  prevent  damage  to  the  tires.  A 
passageway  is  formed  in  the  wheel  to  interconnect  the 
chambers  of  the  pneumatic  tires  to  equalize  the  pressure 
therein  to  improve  the  performance  of  (he  tires  In  *0 
addition,  an  interchangeable  flow  controlling  device  is 
provided  to  control  the  flow  of  air  through  the  pw-age- 
way  between  the  two  tires  A  desired  flow  rate  through 
the  chamber  can  be  obtained  by  placing  the  appropriate 
flow  control  dev  ice  in  the  wheel,  thus  making  the  wheel  «5 
have  universal  application  for  vanous  vehicles 

Die  present  invention  also  contemplates  the  use  of 
unique  pneumatic  tires  having  road-engaging  treads 
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which  arc  inclined  toward  the  outside  nt  the  tire  lies 
narrow  s  the  running  drug  of  the  tire,  m  iking  vu-rir  c 
•  aster  and  reducing  l.itrral  whirl  sln--.se-. 

I  lie  present  mv  niton  also  col,. cinplat.  s  the  use  i  J 
two-piece  hub  structure  whereby  a  rim.  is  formed  ->! 
aluminum  material  and  wherein  a  steel  central  flange 
portion  is  ford  to  the  nm  The  central  portion  is  pro¬ 
vided  with  a  plurality  of  revdient  spokes  which  rb 
shock  and  reduce  overall  vtrevsev  in  both  radial  and 
lateral  directions 

The  present  invention  also  contemplates  the  use  of  a 
two-piece  hub  structure  whereby  the  spokes  of  the 
central  flange  portion  are  connected  to  the  nm  by  ball- 
teceptacle  type  connections  whereby  the  freedom  of 
movement  between  the  run  and  spokes  ass.sts  in  absorb¬ 
ing  radial  and  lateral  shock  and  stress 

The  present  invention  alvo  contemplates  the  use  of 
wheels  with  tire  treads  which  are  curved  from  vide  to 
side  to  reduce  waffle. 

More  particularly,  the  present  invent. on  contem¬ 
plates  the  use  of  the  hub  hav  ing  an  aluminum  nm  with 
3  pair  of  annular  pneumatic  tire  mounting  surfaces  for 
supporting  a  pair  of  pneumatic  tires  thereon  in  a  spaced 
relationship  The  tires  have  treads  which  are  inclined  in 
a  direction  toward  the  outside  of  the  wheel  A  restricted 
flow  passage  is  formed  in  the  rim  and  interconnects  the 
pneumatic  tires  to  maintain  the  tires  at  an  equal  pressure 
in  operation  A  removable  flow  control  device  is  pro¬ 
vided  to  control  the  flow  of  air  through  the  flow  pas¬ 
sage  to  regulate  the  delation  of  one  lire  upon  lews  of 
pressure  in  the  other  tire.  A  pair  of  inflation  check 
valves  ate  provided  in  the  rim  for  separately  inflating 
the  tires.  A  flange  is  provided  on  the  run  between  the 
tires  to  extend  radially  outward  a  substantial  distance 
for  supporting  the  vehicle  when  the  tires  are  infl.it'  d  A 
steel  center  spoke  assembly  is  provided  for  connecting 
the  nm  to  the  axle  of  the  vehicle  The  center  spoke 
assembly  has  a  plurality  of  radially  extendinc  resilient 
spokes  w  Inch  engage  the  run  am.  rcs'liently  .ounce!  the 
nm  to  the  a.sle  In  one  embodiment,  labs  are  formed  on 
the  spokes  and  mate  with  corresponding  sh..ped  recep¬ 
tacles  in  the  rim  In  another  embodiment,  seme  pherical 
bearing  surfaces  are  formed  on  the  -  pokes  ,nd  er  •  ige 
receptacles  in  the  nm 

I  he  advantages  of  the  present  invention  will  be  ap¬ 
preciated  by  those  of  ordinary  skil'  in  the  art  is  the  same 
becomes  better  understood  by  reference  to  the  follow 
mg  detailed  dev  option  when  considered  in  connection 
with  the  accompanying  Drawings  in  which 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG  1  illustrates  a  perspective  view  of  one  embodi¬ 
ment  of  a  wheel  shown  partly  i  n  section  and  incorporat¬ 
ing  the  present  insention; 

FIG  2  illustrates  a  side  clcvjtuin  of  the  wheel  illus¬ 
trated  in  FIG  I; 

FIG  3  illustrates  a  section  of  the  desire  taken  along 
line  3  -3  of  FIG  I.  looking  in  the  direction  of  the  ar¬ 
rows. 

MG  4  is  a  view  vimilar  to  FIG  3  illustrating  he 
embodiment  nt  L1G  1  wrlh  one  of  the  tirrs  f  unctured. 

FIGS  5  and  6  are  v  lews  similar  to  FIG  3  illustrating 
a  second  embodiment  of  the  device,  and 

FIG  7  is  a  view  similar  to  FIG  3  illustrating  a  third 
cmhodrment  of  the  device 
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1 57  |  ABSTRAC  T 

A  track  wheel  of  a  crawler  tvpe  vehicle  has  a  plnraliti 
of  first  and  second  plates  spaced  at  preselected  loca¬ 
tions  for  suppressing  vibration  of  and  resultant  noise 
emitting  from  panels  of  the  wheel 

10  Claims.  2  Drawing  Figures 
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1  HACK  WIIFFI.  FOR  <  R  WVI  KR  TYI'E  \  Mill  I  KS 
RAt  MiKOl  NI)  Of  IMI  |N\  I  N  I  It  )\ 

(  rawlcr  tractors.  lot  example.  .no  provided  with 
power  driven  chains  on  either  Mile  of  the  tr.ietor  frame, 
ntajc  up  of  a  plurality  of  pivotally  linked  shoes  sus¬ 
pended  over  a  rear  drive  sprocket  and  supported  by 
wheels  The  weight  ol  the  machine  is  carried  on  the 
lower  run  of  the  chains  The  track  wheels  are  therefore 
suh|ected  to  a  wide  variety  of  impacts  anil  forces  which 
cause  the  wheels  to  deflect,  vibrate,  and  emit  undcrsir- 
able  noise 

Since  work  vehicles  of  this  type  are  often  used  in 


at  least  one.  pretei.d  lv  all  ol  the  first  Range  .  file.  :  :  . 
locations  on  cash  panel  air  au  iiateh.  passe  lion.  •• 
tadi.il  planes  I  and  II  loicv  pis  ol  :n. 

I'ai'pe  losations  on  ihe  isspcslivs  panel  I'lcl-.  :.n>i 
tills  sp.n.mj:  is  common  and  Ills-  first  plates  22  are  soi 
nested  at  substantially  the  median  ol  the  atstijls  ills 
tanee  between  adjacent  second  plates  24.  I  urthcr.  Ih. 
radial  dlstjfccs  "G"  from  the  hub  12  to  the  k  -winck. tin*.* 
locations  of  the  first  pliilcs  22  .ire  in  .1  r.in^’s  <>t  jh..n» 
one  third  to  ,tK*iii  two  thirds.  prcIcr.iHx  .iUmt  on*, 
h.ilt  limes  the  radial  distance  hctwccii  the  hut’  nunilKt 
12  .ind  the  inn  14. 

I  he  fl.myes  of  ihk  first  pl.iU's  22  can  he  u>n 

neeted  to  the  p.mels  Ih  I H  at  locations  at  whkh  Ih. 


hijthly  populated  areas,  it  is  desirable  to  provide  idler  or  '*  arcuate  distance  between  adjacent  connecting 


;n 


other  wheels  which  do  not  produce  disturbing  noises 

This  invention  there. ore  resides  in  a  unique  construe 
lion  of  track  w lie's’ Is  sc  Inch  have*  elements  which  func¬ 
tion  to  supress  vibrations  of  the  wheels 

BRIEF  DESCRIPTION  OF  THF  DRAWINGS 

FIG  I  is  j  diagrammatic  frontal  view  of  an  example 
idler  wheel  of  this  mxention.  and 

FIG  2  is  a  diaerammatic  sectional  view-  taken  along 
line  II -II  of  FIG  I.  :< 

DEI  MI.FD  DESCRIPTION  OF  I  HI  INV  ENTION 

Referring  to  the  drawings,  wheels  10.  for  example 
idler  wheels,  are  associated  with  the  continuous  track 
of  a  crawler  type  vehicle,  as  is  known  in  the  art  The 
wheel  10  is  constructed  with  a  huh  member  12  con¬ 
nected  to  an  annular  rim  14  by  first  and  second  spaced 
apart  idler  panels  1 6. IN. 

I  he  idler  panels  16.  IN  each  have  a  central  opening 
20  and  are  connected  about  their  outer  penpherv  to  " 
the  rim  14  and  about  their  central  opening  20  to  the 
huh  12.  A  plurality  ol  first  and  second  plates  22.24  are 
each  connected  to  the  idler  panels  16. IN  for  stabilizing 
the  panels  16. IN  against  deflection 

Each  of  the  plates  22.24  have  respective  first  and  *" 
second  ends  26.2N  and  .10,.! 2  and  opposed  flanges 
•9..'4  and  3N.40  extending  outwardly  from  the  first 
ends  26.30. 

The  flanges  34.36  sif  the  first  plates  22  ate  each  con¬ 
nected  to  respective  first  and  second  panels  I6.IH  with  J< 
their  second  ends  2N  each  connected  to  the  hub  12. 

The  Range's  3N.40  of  the  second  plates  24  are  each 
connected  to  respective  firvt  and  second  panels  16  IN 
with  their  second  ends  32  each  connected  to  the  nni 
14. 

In  the  installed  position,  the  plates  22.24  are  posi¬ 
tioned  at  pio-elec  led  spaced  positions  let.itivc  one  lo 
the  others  Ihcfi-tuhlv.  the  plates  22.24  each  extend 
radially  outwardly  relative  to  the  hub  12.  However,  n 
should  be  understood  that  the  plates  can  he  oriented  " 
differently  relative  In  a  radial  plane  of  the  hub  without 
departing  from  this  invention  Hie  Ranges  3N.4II  of  the 
ss.und  plates  24  are  also  positioned  a  greater  distance 
from  the  hub  than  the  Ranges  36.3N  of  the  first  plates 
22.  w 

As  can  be  better  seen  in  lit  i  2.  ihe  prefened  plates 
22.24  are  each  of  a  general  "  I  ”  configuration  .aid  the 
Ranges  34.36.3N.40  each  cvlcnd  into  a  respective 
opening  42  in  a  respective  panel  16. IN  .mil  are  fixedly 
connected  thereto  by  welsimg.  lor  example 

To  suppress  vibrations,  the  Ranges  of  the  first  ..ml 
second  plates  22.24  are  conncclcd  to  the  panels  at 
locations  at  which  the  radial  plane.  I  tor  example,  of 


lo¬ 


cate  ’ 
ers-.a 


lions  of  last  Ranges  .mil  second  Ranees  on  cash  pans! 
are  each  siihsiantiallv  equal 

By  so  consinictmg  the  wheel  of  this  invention  the 
frequency  ol  the  isller  panels  16. IN  ts  dice  ti .  c  Iv  slnlt,  ,i 
to  a  frequency  that  is  at  least  I  2.  more  prefer. il.lv  2  " 
or  more  times  the  critical  trequenev  of  the*  panels 
16. IN.  By  the  term  "cutical  frequency"  n  is  meant  the 
frequency  at  which  the  propagation  speed  ol  the  bend 
mg  wave  in  the  panel  is  the  same  as  the  speed  ol  sunn.! 
lit  air  1  here  lore .  as  the-  thick,  iic-s  s  am  I  size  ol  i  In  p.i  r .  i 
changes,  the  critical  fri-qucnc \  ol  (lie  panel  dial.,  . 
Hence,  alter  the  callable  ol  the  panel  have  Ivci.  .!. :.  . 
mined,  the  number  of  firs!  and  second  pf.itc-  i.tdi/.  .• 
can  be  readily  determined  lor  assuring 
panel's  resonance  frequence  a  .alt:-  I  ' 
times  the  critical  licqui-nev 

It  should  be  understood  lliat  ills  Iwh  12.  on  14. 
panels  Hr. IN.  and  assoc  i.ite'd  plat.s  22.24  .  ..n  K  . 
unitary  i-lcmcul  without  departing  t;.un  tins  ii  s  c- n 1 1. »r- 
Other  aspects,  obtests  and  adv .  rut.  nil's  vs  ill  become 

apparent  Iroiil  a  study  ot  the  .flawing  the  . . . 

and  the  appended  claims 
W  hat  is  claimed  is 

I.  A  wheel  lor  driving  continuous  Had.  s  nano 
crawler  type  vehicles,  comprising 
a  hub  member . 
an  annul. ir  rim. 

first  anil  second  spaced  panels  each  connecting  the 
hub  to  the  run. 

a  pluralitv  of  fust  plates  each  h.icmg  fust  anil  second 
ends  and  opposed  outwardly  extending  Ranges  mi 
the  first  end.  s.uj  ll.mgc*X  eaeh  being  c minec teal  lo 
respective  first  and  second  panels  and  each  second 
end  being  connected  lo  the  hub  with  sanl  lir.t 
plates  being  pos,:i..iicd  at  spaced  lot..  Irons,  and 
a  pluralitv  of  xesoin!  plates  c.ieh  having  first  and 
sc. on .1  s’ii. b  ami  opjmsed  oiitw.rrdlv  esti-mline 
Ranges  on  The  lust  end.  saisl  Ranges  eadi  being 
tonnes  ted  to  respective  first  and  second  panels, 
each  sec ond  end  being  connected  to  the  r  mi  -.c  -.in 
said  second  plates  be  mi:  positioned  at  spaced  Iota 
lions .  s.ud  Ranges  of  s.nil  ss-s.-nd  p'  ,tss  'u  mg  a 
greater  distance  ft.  m  said  hub  than  said  R  .ngs-s  .-t 
said  first  plates  an.l  'aid  'ecotl.l  plats'  b.  i:  g  :  .  u 
alcly  'paced  from  r  ubai  plane.  ,.|  the  first  :  :.  v- 
2.  A  wheel,  as  -el  f.  -rth  in  s  I  |. 
and  second  plats-.  general  I 

'  wheel,  as  e!  l.-rth  in  .f 
Ranges  the  first 
rt-spectiv  e  1  'g.  run—  u, 

4  \  Wheel,  as  ..  ;  ♦. ,rrh 

I  Ihe  lit 


he 


■I-.. 


mi  I 

'ec.uid  plate, 
b  'l’s  C  live  pal. c-1 
m  s ’arn  I 
mges  ol  the  tils'  ;  : . . t e s  are  coitneeteil  I, 
I  -S  atu  Uls  at  .  Ills  Ii  til. 
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Vv 

ilu  f' 

\  ?\k  i  x 


k ! 

uii.« 


59 


115-1.  R 

9-7-75 


A  3  1* 

XP 


3 ,902 .7'  7 

1 1 1 1  3,902,767 

I -Is I  Sept.  2.  1975 


United  States  Patent  i^i 

Kowachek  et  al. 


154 1  ANTI-PITCHING  AN!)  ANTI-i (HAVING 

Sl’SPKNSIO.N  FOR  WHEELED  VEHICLES 

(75  |  Inventors  Victor  J*  Kuwachek,  Mt  Clemens. 

Mich.;  Janies  P.  Carr.  Silver  Spring. 
Md.;  Harold  (I.  Kirchner,  Issatpiah. 
Wash 

1 73 1  Assignee  The  United  States  of  America  as 
represented  hv  the  Secreatj  «*f  the 
Arm),  Washington.  DC 

1 22 1  Filed  Jul>  26,  1974 

(211  Appl.  No..  492,1 14 


152| 

15l| 

1581 

U.S.  Cl . 

Ini.  Cl.- . 

Field  of  Search . 

.  505/34;  115/1  R 

B62I)  55  00 
...  305/8.  10.  16.  17,  18. 
305/34;  115/1  R 

156| 

References  Cited 

l.'NITED  STATES  PATENTS 

3 .020.059 

:,'|4n;  Allen 

.  305/34 

3.539.229  II  I97n  SeulK  'in  in 

rnnuu  \  t.  yammer — Philip  CuH>dman 

-t\w stiinl  l.  yammer —  John  A  Carroll 

-t»/or#i<*\.  t>r  hum-  Peter  A  l  aucher.  J»>hn  I 

McRae 

[57)  ABSTRACT 

A  multi-terrain  vehicle  having  ground  eng  igtng  tires 
arranged  for  orbital  movement  along  upper  and  lower 
surfaces  of  sponsons  located  outboard  of  the  hull  I  he 
tires  are  interconnected  bv  means  of  chains,  cal  les  or 
similar  flexible  elements  so  that  the  tires  move  along 
the  ground  surface  in  one  direction  to  develop  vehicle 
propulsion  thrust  in  the  opposite  direction  I  he  tires 
are  arranged  to  be  gradual!)  loaded  and  unloaded  dur¬ 
ing  their  pcriixJs  of  engagement  with  the  Np»>i\son 
lower  surface  to  minimize  pitching  and  heaving  of  the 
vehicle. 

1  Claim,  6  Drawing  Figures 
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WIT -PMC  HIM;  AM)  \MI.|1K\\1NC;  ‘ 

SI  srKNSION  KOK  WIIFFIT!)  \KIIUT.KS 

The  invention  described  herein  may  K-  mauul.ie 
lured,  used.  ami  lieenscil  by  or  lor  the  <  iovcrnnicnt  lor 
governmental  purposes  without  payment  in  us  ol  any 
royalty  thereon 

UAC'KOROl  NO  O!  llll  IWIM'IOS 

Vehicles  ol  the  present  l\ pc  have  been  previouslv 
suggested.  see  for  example  l  S  Pat  No  A .  I  s4 .04^  is 
sued  to  A  (i  fisher  and  l  S  Pal  No  2.%>  M».i  jOO  issued 
to  l.  C  randall  The  piesent  invention  pioposes  a  tire 
and  arrangement  intended  to  mmimi/e  the  tcmlenev  of 
such  vehicles  to  heave  or  pileh  up  anil  iluwn  dining  vc- 
hiele  movement 

SI  AIM  ARY  Ol  I  HI  INVI  NIION 

1  he  present  invention  proposes  an  anangement 
\\ herein  essentially  flat  lower  surfaces  ot  the  sponvons 


'v  all  40.  As  Si  eii  in  M( »  1  the  spoil  son  upper  and  lower 
walls  aie  joined  together  hy  a  generally  clhptieal  front 
iii»se  structure  42  and  a  generally  elliptrc.il  rear  nose 
structure  44. 

s  l*ach  o!  the  sponson  walls  38  anil  40  include  a  rigid 
metal  under  w  all  and  a  resilient  elastomeric  outer  wall 
or  skin,  the  underwall  provides  sponson  ngiditv.  and 
the  skm  piovidos  a  (read  surface  for  tractive  engagment 
with  the  ground  engaging  tires  46. 

Mi  At  tanged  loi  orbital  movement  about  each  sponson 
.1-  are  )  ?  grouiul  engaging  tires  or  wheels  46.  I  aeh  tuc 
traverses  an  endless  orbit  defined  by  upper  sponson 
wall  .AH,  frontal  nose  structure  42.  lower  sjxonson  wall 
40.  and  rear  nose  structure  44.  When  the  vehicle  is 

I  N  travelling  m  the  lorward  direction.  ;cs  denoted  hv  nu¬ 
meral  4K  m  H( »  I.  the  lower  ones  of  tires  46  will  he 
travelling  icarw.ndly  along  sponson  surface  40,  .md  the 
upper  « *ni  s  i >1  tries  46  w ill  he  tr.i veiling  for w ardlv  along 
sponson  surface  38.  Tire  movement  is  acet  niplished 


evtend  as  nearly  as  pr.u  iieable  an  even  mmihci  of  tire  -(»  thiough  a  powei  means  which  include 


pitches,  and  wherein  such  Hat  lower  surfaces  are  cen¬ 
tered  on  a  ti.msxerse  plane  passing  throuch  the  vehicle 
center  of '  grav  ity  I  he  essentialh  flat  lower  surfaces  ot 
rhe  '•pi»nst»ns  are  preferably  slightly  slopeil  to  provide 
(rape /oid. il  trie  loading  distribution  and  balanced  tire 
load  moments  about  the  vehicle  center  of  gravity  The 
aim  is  tii  nummi/e  vehicle  pitching  ami  heaving  during 
steady  state  rule  and  rapid  speed  changes  An  addi¬ 
tional  aim  is  to  achieve  the  anti-pitc  lung  ai  non  without 
m.iieri.illv  sac r rt’ic mg  the  turning  capabilities  ol  the  ve¬ 
hicle 


MU  DRAWINGS 

lit*  I  iv  .i  snlc*  elev  atnmal  v  lew  of  a  v  eh  tele  incorpo 
rating  the  present  invention 

H( »  2  is  a  lop  plan  view  of  the  H(i  1  vehicle 

I  It  i  3  is  a  sectional  view  taken  on  line  3—3  m  FKi 

4. 

I  111  4  is  .hi  enlarged  fragmentary  view  taken  in  the 
same  direction  as  FK»  1  at  a  point  midway  between  the 
front  am!  rear  ends  of  the  vehicle. 

Ht  *  5  »s  an  enlargeiJ  view  of  a  spnnson-ttrc  structure 
used  in  the  I  K  *  1  vehicle 

MC»  6  is  a  chart  depicting  a  trape/oidal  tire  loailing 
provided  hv  the  FKi  5  structure 

FHE  DRAWINGS  IN  DETAIL 

I  IGS  I  and  2  illustrate  a  multi  terrain  vehicle  10 
comprising  an  open  topped  hull  12  having  a  N't  tom 
wall  14,  front  wall  16,  rear  wall  18  and  side  walls  20 
anil  22.  Disposed  within  the  hull  is  a  propulsion  engine 
24  equipped  vi  ith  a  transmission  26  and  steering  unit  28 
h.oing  laterally  extending  output  shafts  extending 
through  openings  in  the  hull  side  walls  20  ami  22.  1  he 
steering  unit  is  employed  to  selectively  operate  the  out¬ 
put  shafts  at  variable  speeds  in  the  forward  or  rearward 
directions  m  accordance  with  the  desired  vehicle  speed 
anil  direction  of  vehicle  movement  The  driver’s  seat, 
not  sh« *w  n  is  li icated  abov c  and  to  one  side  of  transiniv 
Mon  26.  a  short  distance  behind  windshield  30.  passen¬ 
gers  and  or  i.ngo  call  be  accommoil.ited  m  lire  space 
2  I  behind  i  ngme  24. 

f  oi.itcd  outboard  of  hull  12  are  two  l< >ng;lmlinally 
e  x  tending  spoils,,  ns  32.  each  a  minor  iniaee  ot  the  ^ 
other  \s  Nciti  in  I  l<  i  3  the  rightmost  \poiiM»n  mm 
prisc'N  .in  mm  t  -idc  w.,||  34  secured  to  hull  side  wall  22, 
an  outer  side  wall  36.  an  uppe  r  vs  .ill  38.  and  a  lower 


50.  sprocke  t -tv pe  drive  wheels  52  at  the  sponson  fron¬ 
tal  nose,  and  tiller  wheels  54  at  the  sponson  rear  nose 
Chains  50  could  be  replaced  by  cables  if  desired  or  nec¬ 
essary.  cables  are  advantageous  in  that  they  are  less 
^  susceptible  to  malfunction  due  to  twisting,  bending, 
clogging,  etc 

As  shown  in  f  Ki  I.  caw  h  set  of  chains  50  is  trained 
around  drive  sprocket  52  and  idler  wheel  54.  addition¬ 
ally  each  set  of  shams  is  connected  to  the  various  lire 
41  avles  56.  Accordingly,  powered  movement  of  rhe 
sprocket  wheels  ( bv  the  aforementioned  engine  24  i 
priK faces  Mt  tuhtUl  movement  of  the  chains  50  and  the 
connected  lues  46.  I  he  vehicle  weight  is  borne  by  the 
tires  while  engaged  with  firm  ground  surface  58.  As¬ 
suming  the  vehicle  is  travelling  in  the  forward  direction 
over  firm  tcriam.  the  ground-engaged  tires  will  be  com- 
pressed  between  ground  surface  58  ami  sponson  lower 
wall  40.  lire  compression  will  produce  frictional  trac¬ 
tive  forces  between  the  tire  lower  surface  and  the 
ground,  ami  between  the  tire  upper  surface  and  the 
sponson  Such  tractive  forces  combine  with  chain 
translational  movements  to  propel  the  vehicle  over  firm 
terrain 

In  very  loose  terrain,  such  as  Jeep  snow  or  swamps 
or  loose  sand,  the  vehicle  weight  can  cause  the  vehicle 
to  sink  into  the  terrain  so  that  the  vehicle  weight  is 
borne  directly  by  the  sponsons  rather  than  by  the  tires 
1‘ndcr  such  conditions  the  tires  are  subjected  to  re¬ 
duced  weight  loads,  and  hence  reduced  tractive  en¬ 
gagement  with  the  terrain,  the  tires  may  then  tend  to 
skid  on  the  sponson  lower  wall.  Translational  move¬ 
ment  of  the  lower  run  of  each  chain  will  then  translate 
each  tne  m  piston Tike  fashion  through  the  terrain, 
thcieby  bodily  displacing  the  terrain  and  reacting  the 
vehicle  in  the  arrow  48  direction  (assuming  the  chains 
are  moving  m  the  H(i  1  directions  i  In  deep  water  op 
er.itions  the  vehicle  control  may  be  enhanced  by  means 
of  a  propeller  60  located  .it  the  stern  of  the  hull  and 
suitably  connected  to  engine  24,  as  bv  me. ms  of  .1  drive 
sh.itt  62  .md  He'iblc  coupling  {not  shown)  For  over 
land  operations  the  propellet  may  be  refracted  up- 
w  ardlv  from  its  M(‘»  |  position  b\  a  suitable -fluid  cv  I  in 
t)c  »  64. 

1  IK!  (  MAIN  KI  I  A  I  ION 

I  Ki  3  illustr.il,  s  Ihe  general  e  onstr  uc  ti>  »nal  features 
of  ,i  i cpi es»  nt uti\ e  tile  and  its  i «  mnei  ti<  hi  to  the  pro 
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A  support  member  for  a  wheel  rim  of  an  ofThighway 
vehicle  for  facilitating  the  independent  securing  of  the 
large  wheels  and  associated  disc  brakes  to  the  vehicle, 
and  a  relief  groove  on  the  brake  disc  for  dissipation  of 
heat  during  a  braking  operation  m  order  to  eliminate  nr 
preclude  fusing  of  ihe  disc  to  stationary  elements  of  the 
braking  apparatus  thus  facilitating  the  removal  of  the 
disc  for  replacement  or  the  like 

9  Claims.  5  Drawing  Figures 
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157)  ABSTRACT 

A  multi-terrain  vehicle  having  ground  engaging  tires 
arranged  for  orbital  movement  along  upper  and  lower 
surfaces  of  sponsons  located  outboard  of  the  hull  t  he 
tires  are  interconnected  by  means  of  chains,  cables  or 
similar  flexible  track  elements;  the  tires  move  along 
the  ground  surface  in  one  direction  to  develop  vehicle 
propulsion  thrust  in  the  opposite  direction  This  inven¬ 
tion  relates  to  mechanisms  for  controlling  the  tension 
in  the  flexible  tire-connector  elements,  thereby  pre¬ 
venting  the  elements  from  breaking  or  stretching  or 
disengaging  from  their  guide  wheels  tension  control 
is  achieved  by  restraining  the  tires  against  twisting  or 
moving  laterally,  and  also  by  maintaining  the  sponson 
surfaces  relatively  free  from  accumulations  of  debris 
such  as  mud.  twigs,  etc  that  would  tend  to  space  the 
tires  away  from  the  sponson  surfaces,  the  primary  ten 
sion  control  instrumentality  is  a  fluid  cylinder  acting 
on  the  idler  guide  wheels  for  the  tire-connector  ele¬ 
ments 

4  Claims.  13  Drawing  Figures 
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TENSION  (OM  KOI.  K)K  tT.KXIItl.l-:  TIRK  ' 
CONNKCTOKS 

The  invention  ilesetiheil  herein  nine  lie  maiuit.ic- 
tmeil.  ■  ■'■■!,  ami  liienvat  hx  oi  Mr  the  ( iovet nnicnt  lor 
governmental  j'urposes  without  ji.nmeitt  to  us  ol  ;m\ 
rovaltv  thereon 

BACKGROUND  OF  THE  INV  ENTION 

l  S  P.it  No  V  154.045  issuetl  to  A  (i  Fisher  anil 
l  S  Pat  No  I'llli.tHKi  nliliieil  to  I  ( 'ranilall  shvivv 
amphihiotis  multi-terrain  vehicles  adapted  lor  use  in 
water,  mud  and  deep  snow,  as  well  as  on  conventional 
roads  In  each  ease  the  vehicle  is  powered  l'\  means  of 
tires,  whose  axles  are  connected  to  endless  hells  or  ca¬ 
bles  tr. lineil  around  pullevs  at  the  Iron!  ami  rear  ends 
of  the  vehicle  I  he  tires  thus  orbit  m  the  fashion  of  end¬ 
less  treads  The  present  invention  is  directed  to  im¬ 
provement'  in  this  tv  pc  ol  vehicle 

TUI-  PRESENT  INVENTION 

|‘he  ptesent  invention  proposes  various  mechanisms 
lor  preventing  undcrtension  or  overtension  ol  the  flexi¬ 
ble  tire  connecting  elements,  therebv  precluding  the 
lire  i  onneetmg  elements  from  being  stretched,  bent  or 
thrown  oil  then  guide  wheels  I  he  tension-control 
me  c  banisms  include  structures  fot  restraining  and  guid¬ 
ing  the  tires  in  their  orbital  movement  Tension  control 
is  also  achieved  bv  special  means  for  keeping  the  xpon- 
son  surfaces  relativelx  free  of  dehris.  wherebv  the 
chains  or  cables  maintain  their  original  spacing  relative 
lo  the  sponsons.  i  e  the  chains  retain  their  original  or¬ 
bits  and  thus  their  original  state  of  tension 

THE  DRAWINGS 

FIG  I  is  a  side  clevalional  view  of  a  vehicle  incorpo¬ 
rating  the  invention 

FIG  2  is  a  top  plan  view  of  the  MG  1  vehicle 

MG  .1  is  a  sectional  view  taken  on  line  m  FIG 

4. 

FIG  4  is  an  enlarged  fragmentarv  view  in  the  same 
direction  as  FIG  I.  but  at  a  point  midwav  between  the 
Iron!  and  real  ends  ol  the  vehicle 

i  |G  5  is  a  Iragmenlarv  side  clevalional  view  of  a  rear 
nose  aie. i  ol  a  sponson  forming  part  of  the  ITG  1  vchi- 
clc* 

H(i  6  in  a  fragmentary  top  plan  view  of  the  FKi.  5 
structure 

H(  i  7  in  .in  end  elc*x  .ition.il  '  icw  of  the  I  K*  6  struc- 
line,  parts  thereof  being  shown  in  section  on  line  7 —  7 
in  I  K i  5. 

Fl<*  8  in  a  Mile  elesational  view  of  a  debris  deflector 
loeafevi  at  the  front  of  the  sponson. 

H(  i  9  in  ,i  side  dcN.ilion.il  new  ol  dehris  deflector 
lv  tie  ated  at  the  rear  of  the  sponson. 

FKi  Id  is  a  side  cTcvation.il  \icu  of  a  tread  surface 
empl.'ved  on  the  upper  face  of  a  sponson  used  in  the 
M(i  I  W hide 

||(i  ||  is  a  top  plan  \  iew  ot  the  lift  10  structure. 

M(iS  12  and  I.'  are  fragmentary  sectional  views 
lakt.  n  on  lines  12  12  and  l.t  1 1  m  H(i  II. 

I  Ilf  DK.WS  |N(  iS  IN  Ol  I  AIL 

|  |(  ,s  I  and  2  illustrate  a  nmlli  terrain  vehicle  10 
v  vMiipiisine  an  open  topped  hull  12  ha\  me  a  bottom 
u.,||  |4.  I  v'nt  wall  16.  rear  wall  18  and  side  walls  20 

,i  22.  Pfsfs»wil  within  the  hull  is  a  propulsion  engine 
24  c  sped  w  ith  a  ti  .tllMlHsMall  26  and  eeaieil  steering 


unit  28  ha',  me  lateral!)  -extending  output  shafts  extend- 
mg  through  ojK-nings  in  the  hull  side  walls  20  and  22. 
1  he  steeling  unit  is  employed  to  selective!)  operate  the 
output  shafts  in  the  forward  or  rearward  directions  in 
accordance  with  the  desired  vehicle  speed  and  direc¬ 
tion  of  vehicle*  movement.  The  driver’s  seat,  not  shown, 
is  located  above  and  to  one  side  of  transmission  26.  a 
short  distance  behind  windshield  30.  Passengers  and. or 
cargo  can  he  accommodated  in  the  space  25  behind  en¬ 
gine  24. 

Located  outboard  of  hull  12  arc  two  longitudinally  - 
extending  sponsons  .'2,  each  a  mirror-image  of  the 
other  As  seen  in  I  l(».  3  the  rightmost  sponson  com¬ 
prises  an  inner  side  wall  34  secured  to  hull  side  wall  22, 
an  outer  side  wall  36,  an  upper  wall  38.  and  a  lower 
vv  .  ■  II  40.  As  seen  in  Fl(»  1  the  sponson  upper  and  lower 
walls  are  joined  together  In  a  gcnerall)  elliptical  front 
nose  stiuctmc  42  ami  a  general!)  elliptical  rear  nose 
structure  44. 

bach  of  the  sponson  walls  38  and  40  includes  a  rigid 
nietal  uiulerw.ill  and  a  resilient  elastomeric  outer  wall 
or  skin,  the  uiulerw.ill  provides  sponson  rigidity,  and 
the  skin  provides  »l  tread  surface  for  tractive  engage 
merit  with  the  ground-engaginc  ores  46. 

Arranged  tor  orbital  movement  about  each  sponson 
32  are  seventeen  ground-engaging  tires  46.  Fach  tire 
traverses  an  endless  or  hit  defined  by  upper  sponson 
wall  .'8,  frontal  nose  structure  42,  lower  sponson  wall 
40,  and  rear  nose  structure  44.  When  the  vehicle  is 
travelling  in  the  forward  direction,  as  denoted  by  nu¬ 
meral  48  in  FKi.  1,  the  lower  ones  of  tires  46  will  ho 
travelling  rcarwardly  along  sponson  surface  40  in  a  rel¬ 
ative  sense,  and  the  upper  ones  of  tires  46  will  be  trav¬ 
elling  forwardly  along  sponson  surface  38.  Tiro  move¬ 
ment  is  accomplished  through  a  power  means  which 
includes  endless  chains  50,  sprocket  tv  pe  drive  wheels 
52  at  the  sponson  frontal  nose,  and  idler  wheels  54  at 
the  sponson  rear  nose  Chains  50  could  be  replaced  by 
cables  if  desired  or  necessary,  cables  are  advantageous 
in  that  they  ate  less  susceptible  to  malfunction  due  to 
twisting,  bending,  clogging,  etc 

As  shown  in  FKi  l,  each  set  of  chains  50  is  trained 
.tiound  drive  sprocket  52  and  idler  wheel  54.  addition¬ 
ally  each  set  of  chains  is  connected  to  the  various  tire 
axles  56.  Accordingly,  powered  movement  of  the 
sprocket  wheels  (by  the  aforementioned  engine  24  i 
produces  an  oibiial  movement  of  the  chains  50  and  the 
connected  tires  46.  I  he  vehicle  weight  is  borne  by  the 
tires  while  engaged  with  firm  ground  surface  58.  As¬ 
suming  the  vehicle  is  travelling  in  the  forward  direction 
over  firm  terrain,  the  ground-engaged  tires  will  he  com¬ 
pressed  between  ground  surface  58  and  sponson  lower 
wall  40.  Ture  compression  will  produce  frictional  trac¬ 
tive  forces  between  the  tire  lower  surface  and  the 
ground,  and  between  the  tire  upper  surface  and  the 
sponson  Such  tractive  forces  combine  with  chain 
translational  movements  to  propel  the  vehicle  over  firm 


In  very  loose  terrain,  such  as  deep  snow  or  swamps 
or  loose  sand,  the  vehicle  weight  can  cause  the  vehicle 
to  sink  into  the  terrain  so  that  the  vehicle  weight  is 
lxnne  directly  by  the  sponsons  rather  than  by  the  tires 
I  ruler  such  conditions  the  tires  arc  subjected  to  re¬ 
duced  vv  light  l*c kIs.  and  hence  reduced  tractive  c*n 
gagcfiienl  with  the  terrain,  the  lues  max  then  tend  to 
skid  on  the  sp«.nson  lower  wall  I  i  aiislation.il  niovv 
rnc  nt  ot  the  lower  run  «*f  e.u  h  v  hair  vv  ill  the  n  translate 
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(571  ABSTRACT 

A  hollow  body  including  spaced  apart  side  walls,  with 


a  plurality  of  longitudinal!)  spaced,  laterally  extending 
wall-support  members  surmounting  a  plurality  of  later¬ 
ally  spaced  longitudinally  extending  floor  reinforce¬ 
ment  members  A  track  structure  including  a  plurality 
of  laterally  disposed  track  structure  support  members 
projecting  exteriorly  of  said  walls  m  longitudinal  align¬ 
ment  with,  and  secured  to.  said  wall  support  members 
Said  track  structure  further  including  an  upper  fixed 
runwas  and.  substantially  parallel  thereto,  a  lower 
fixed  runwas.  both  elongated  longitudinally  of  the  w- 
hide.  A  supplementary  runway  surmounting  said  up¬ 
per.  fixed  runway  Means  to  secure  said  supplemen¬ 
tary  runway  above  said  upper,  fixed  runway  Means 
urging  said  supplementary  runway  toward  said  upper, 
fixed  runxeay.  and  means  adjustably  resisting  said  urge, 
to  space  said  supplementary  runway  front  said  upper, 
fixed  runway  An  endless  chain  drixe.  and  means  to 
drive  said  chain  Wheels  carried  by  said  endless  chain 
about  said  track  structure,  and  comprising  a  lower 
span  upon  which  the  track  structure  arid  hence  the  ve¬ 
hicle  rests,  and  an  upper  span  which  moves  over  said 
supplementary  runway  The  adjustability  of  the  sup 
plcmentary  runway  may  compensate  for  slack  in  said 
chain 

23  Claims.  8  Drawing  Figures 
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|  57  |  ABSTR  ACT 

An  amphibious  vehicle  of  the  type  in.  hiding  opposilr 
vide  endless  track  assemblies  I  lie  vehnie  includes  a 
main  central  body  portion  which  extends  longitudm.ilh 
i)f  the  vehicle  and  rlcTmcs  a  hollow  elongated  sealed 
flotation  compartment  above  which  ihe  operator  s  po¬ 
sition  and  driving  motor  of  ihe  vehicle  may  be  dis¬ 
posed  T7ie  vehicle  further  includes  opposite  side  later¬ 
ally  outwardly  projecting  and  elongated  generally  hori 
zontally  disposed  stub  wing-type  housings  which  are 
also  sealed  and  define  opposite  side  flotation  compart¬ 
ments  The  opposite  side  tracks  of  the  vehicle  encircle 
and  are  for  the  most  part  supported  from  the  opposite 
side  housings  on  either  side  of  the  mam  body  portion 
and  the  endless  tracks  are  trained  about  drive  and  idle 
sprocket  wheels  dispersed  at  corresponding  ends  of  the 
tracks  spaced  endwise  outwardly  of  the  corresponding 
ends  of  the  opposite  side  housings  The  combined 
buoyancy  of  the  main  body  portion  flotalion  compart¬ 
ment  and  the  opposite  sule  flotation  compartments  is 
sufficient  to  float  the  vehicle  with  an  operator  thereon 
with  the  water  level  disposed  at  least  slightlv  below  the 
upper  extremities  of  the  opposite  side  flotation  vom 
partments  whereby  the  vehicle,  when  floating,  u  ill  have 
resistance  to  rolling  about  its  longitudinal  avis 

6  Claims.  V  Drawing  Figures 
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ALL  TERRAIN  VEHICLE 

The  all  terrain  vehicle  of  the  instant  invention  has 
been  specifically  designed  to  provide  an  apparatus 
which  may  be  ridden  over  all  types  of  terrain  and  which 
may  also  be  utilized  to  travel  over  the  surface  of  a  body 
of  water.  Propulsion  of  the  vehicle  while  moving  over 
the  surface  of  a  body  of  water  is  accomplished  by  the 
endless  track  components  provided  on  opposite  sides 
of  the  vehicle  having  a  paddle  wheel  type  action  on  the 
water  upon  which  the  vehicle  is  floated  The  driving 
components  including  the  endless  track  assemblies,  the 
motor  and  the  various  shafts  for  drivingly  connecting 
the  output  shaft  of  the  motor  to  the  drive  sprockets  for 
the  endless  track  assemblies  are  all  exposed  exteriorly 
of  the  various  flotation  compartments  and  thus  the  flo¬ 
tation  compartments  are  maintained  air  and  water-tight 
without  the  utilization  of  complex  water  and  airtight 
seals  Of  course,  steerage  of  the  vehicle  on  water  is  ac¬ 
complished  in  the  same  manner  as  when  the  vehicle  is 
traveling  on  land  in  that  selected  endless  track  assem¬ 
blies  may  be  driven  either  forward  or  in  reverse  or 
braked,  as  desired 

The  mam  object  of  this  invention  is  to  provide  an  all 
terrain  vehicle  that  may  be  readily  operated  over  vari¬ 
ous  types  of  terrain  and  over  the  surface  of  a  body  of 
water  as  well 

Another  object  of  this  invention,  in  accordance  with 
the  immediately  preceding  object,  is  to  provide  a  vehi¬ 
cle  whose  controls  enable  the  vehicle  to  be  steered  on 
water  in  the  same  manner  in  which  steering  operations 
are  accomplished  on  land. 

Yet  another  object  of  this  invention  is  to  provide  an 
all  terrain  vehicle  of  the  amphibious  type  provided  with 
center  and  opposite  side  flotation  compartments  dis¬ 
posed  in  relation  to  the  driving  components  of  the  vehi¬ 
cle  in  a  manner  such  that  complex  air  and  water-tight 
seals  need  not  be  utilized  in  connection  with  the  drive 
tram  of  the  vehicle. 

A  final  object  of  this  invention  to  be  specifically  enu¬ 
merated  herein  is  to  provide  an  all  terrain  vehicle  in  ac¬ 
cordance  with  the  preceding  objects  which  will  con¬ 
form  to  conventional  forms  of  manufacture,  be  of  sim¬ 
ple  construction  and  easy  to  use  so  as  to  provide  a  de¬ 
vice  that  will  be  economically  feasible,  long  lasting  and 
relatively  trouble  free  in  operation. 

These  together  with  other  objects  and  advantages 
which  will  become  subsequently  apparent  reside  m  the 
details  of  construction  and  operation  as  more  fully 
hereinafter  described  and  claimed,  reference  being  had 
to  the  accompanying  drawings  forming  a  part  hereof, 
wherein  like  numerals  refer  to  like  parts  throughout, 
and  in  w  hich 

MO  I  is  a  perspective  view  of  the  all  terrain  vehicle, 

HOi  2  is  an  enlarged  side  elevational  view  of  the  ve¬ 
hicle. 

FIG  3  is  a  fragmentary  transverse  vertical  sectional 
view  taken  substantially  upon  the  plane  indicated  by 
the  section  line  3  -3  of  FIG  2, 

FIG  4  is  a  bottom  plan  view  of  the  vehicle  with  its 
drive  components  temosed, 

FIG.  ?  is  a  top  plan  v  iew  of  one  of  the  spring  mounted 
double  bogie  w  heel  assemblies  of  the  vehicle: 

F  IG  6  is  a  perspective  view  of  one  of  the  bogie  wheel 
spring  mounting  brackets,  and 

F  IGS  2  through  9  are  side  elevational  views  of  the 
vehicle  illustrating  the  manner  in  which  the  lower 


2 

reaches  of  the  endless  track  members  thereof  may  he 
deflected  along  with  the  attendant  bogie  wheels  for 
conforming  to  irregular  surfaces. 

Referring  now  more  specifically  to  the  drawings  the 
5  numeral  10  generally  designates  the  all  terrain  vehicle 
of  the  instant  invention.  The  vehicle  10  includes  a  mam 
longitudinally  extending  body  referred  to  in  general  by 
the  reference  numeral  12  and  including  a  lower  fully 
enclosed  and  fluid  tight  sealed  housing  portion  14  de- 
10  fining  a  center  buoyancy  tank.  The  body  12  also  in¬ 
cludes  a  pair  of  opposite  side  longitudinally  extending 
and  generally  horizontally  disposed  side  housing  por¬ 
tions  16  defining  opposite  side  flotation  tanks  or  com¬ 
partments.  The  housing  portion  14  includes  top  jnd 
1 5  bottom  walls  18  and  20  interconnected  by  means  of  up¬ 
standing  opposite  side  walls  22  and  front  and  rear  walls 
24  and  26.  The  housings  16  each  includes  lop  and  bot¬ 
tom  walls  28  and  30  interconnected  hy  an  outetsido 
wall  32  and  at  their  opposite  ends  by  means  of  Iront 
20  and  rear  walls  34  and  36.  The  inner  sides  of  the  hous¬ 
ings  16  are  closed  by  the  corresponding  side  walls  22 
of  the  housing  portion  14  from  which  the  top  and  bot¬ 
tom  walls  28  and  30  and  the  end  walls  34  qnd  36  are 
supported  along  their  inner  marginal  edge  portions  If 
25  desired,  front  and  rear  transverse  braces  38  may  be  se 
cured  through  the  housing  portion  14  in  sealed  relation 
with  the  side  walls  22  thereof  and  in  the  housings  16. 

The  vehicle  10  includes  a  forward  engine  housing  or 
shroud  40  comprising  a  part  of  the  body  12  and  in 
30  which  an  engine  42  and  a  clutch  mechanism  44  are  dis¬ 
posed.  The  engine  42  drives  the  clutch  mechanism  44 
through  an  endless  belt  46  and  the  clutch  mechanism 
drives  the  input  shaft  of  a  transmission  (not  shown) 
whose  output  shaft  48  is  drivingly  connected  to  the 
33  front  opposite  side  driving  shafts  50  of  the  vehicle  10 
by  means  of  endless  flexible  drive  members  52. 

The  rear  portion  of  the  body  12  includes  a  hollow 
storage  compartment  54  upon  which  a  scat  cushion  56 
is  mounted  and  the  vehicle  10  includes  suitable  con- 
40  trots  (not  shown)  for  selectively  driving  and  braking 
the  opposite  side  endless  track  assemblies  to  be  set 
forth  more  fully  hcicinaftcr  driven  bv  the  drive  shafts 
50. 

The  opposite  ends  of  the  housings  16  include  front 
43  and  rear  extensions  58  and  60  of  the  side  walls  32 
w  hich  project  forw ard  and  rearw ard  of  the  correspond¬ 
ing  front  and  rear  walls  34  and  36.  The  opposite  side 
drive  shafts  have  their  outer  enJs  rotatjbly  received  in 
bearing  journals  62  supported  from  the  extensions  58 
and  their  inner  ends  rotatably  supporter!  in  similar  jour¬ 
nals  (  nr 't  shown  l  carried  ivy  the  opposing  outer  surface 
portions  of  the  side  walls  22.  In  addition,  the  outer  ends 
of  a  similar  pair  ol  rear  idler  shafts  64  arc  rolatjhly  re- 
^  ceivcrl  in  hearing  join  r.ais  66  supported  I  rein  the  exten¬ 
sions  60  and  then  innci  ends  are  rot.n.ihly  received  in 
similar  bearing  journals  I  not  -hewn)  supported  from 
the  opposing  outer  mu  lace  portions  ol  the  sale  w  alls  22. 

A  pair  *  d  lateral)!  sp.n  ed  guide  risk  68  are  Mipporled 
h(i  ,n  slightly  forw. ml  upw.mlly  inclined  relation  above 
and  from  each  of  the  upper  w  alls  28  w  uh  the  front  and 
rear  ends  of  the  guide  rods  68  curved  downwardly  and 
secured  to  the  upper  or  top  wall  28  as  at  70  and  72. 
Also,  the  N'ttorn  wall  30  of  each  of  the  housings  16  in- 
eludes  a  pair  of  laterally  spaci  d  longitudinally  extend¬ 
ing  and  downwardly  projecting  guard  flanges  74  be¬ 
tween  whose  mid  portions  a  pair  of  mounting  brackets 
79  referred  to  in  a  S,  a-  -re. 


I 


115-1.  R 

10— 14  —  7*- 


3,912,038 

Oct.  14.  1975 


United  States  Patent 

Bernaerts 


A  U  ?  1  r  x 

3  *  r<  1  i  ♦  P  ?  K 


1 54 1  AIR  CUSHION  WHEEL 

1 76)  Inventor:  Henry  J.  Bernaerts,  R.F.D.  10.  Box 
1610.  Annapolis.  Md  21401 

1 22 1  Filed:  Nov.  S,  1973 

(21  |  Appl  No  413,105 


1521  U.S.  Cl .  180/126;  115/1  R.  180/1  R. 

180/7  R.  180/1  16,  180/(28 

(511  Ini.  Cl. * .  B60V3/02 

1581  Field  of  Search .  180/116.  127.  126.  128. 

180/7  R.  1  R.  I  15/1  R 


156) 


2.998.996 

3.(8)1.601 

3.107.643 

3.182.739 


References  Cited 
UNITED  STATES  PATENTS 


9/1961  Aghnidcs .  180/7  R 

9/1961  Aghnidcs .  180/7  R 

10/1963  Edward*  .  115/1 

5/1965  Cockerell .  1 80/ 128 


3.251.430  5/1966  Vcryrcr  180/7  R 

3.279.416  10/1966  Cockerell  180/126 

3.767.221  10/1973  Ashcrg  280/96  I 

FOREIGN  PATENTS  OR  APPLICA  I  IONS 

972.068  10/1964  United  kingdom  180.12’ 

Primary  Kutnuncr — l.eo  Friaglta 
A.i.\ist(jnt  Kuimnur — John  P  Silversliim 
Autirncx,  Afient,  or  Finn — R  S  Seiuceia.  O  E 
Hodges;  O.  M  Wildensleiner 

|571  ABSTRACT 

A  vehicle  supporting  wheel  having  an  air  cushion  skirl 
on  one  side  and  air  supply  means  in  its  hub  In  con¬ 
vert  from  a  wheel  to  an  air  cushion  pad.  the  wheel  huh 
is  rotated  90”  to  bring  the  skirt  in  contact  with  the 
ground,  and  air  is  then  supplied  to  Ihc  chamber  dc 
fined  by  the  skirt 

15  Claims.  5  IVawing  Figures 
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AIK  CUSHION  W  HEEL 

The  invention  described  herein  may  be  manufnc- 
lured  and  used  by  or  for  the  Government  of  the  United 
States  of  America  for  governmental  purposes  without 
the  payment  of  any  royalties  thereon  or  therefor  5 

BACKGROUND 

The  present  invention  is  in  that  class  of  vehicle  sup¬ 
ports  which  can  operate  in  more  than  one  fashion 
There  are  many  uses  for  such  devices;  for  example,  an 
airplane  landing  wheel  that  could  be  converted  to  a  ski 
configuration  would  allow  the  airplane  to  land  on  snow. 

An  off-the-road  capability  would  be  built  into  any  vehi¬ 
cle  whose  conventional  running  gear  could  be  con- 
verted  to  a  tracked  configuration. 

The  most  desirable  combination  of  supports  is  a 
wheel  and  an  air  cushion  pad  A  wheel  supports  a  vehi¬ 
cle  on  a  hard  surface  with  no  energy  input,  while  an  air 
cushion  pad  will  allow  the  vehicle  to  travel  over  water.  20 
snow.  sand,  etc  although  requiring  some  energy  input 
to  maintain  the  cushion  of  air  Such  a  device  when  used 
tin  an  airplane  would  allow  it  to  land  on  any  surface  ex¬ 
cept  water  (unless  the  air  cushion  pads  were  made  im- 
practically  large),  the  pilot  would  select  the  wheel  con-  25 
figuration  for  a  hard  surface  runway,  and  the  air  cush¬ 
ion  pad  for  snow,  sand.  etc.  Field  artillery  pieces  have 
been  abandoned  in  muddy  areas  when  towing  vehicles 
could  not  approach  them;  a  wheel  that  converts  to  an 
air  cushion  pad  would  allow  the  artillery  piece  to  be  re-  ^ 
trieved  from  deep  mud  Additionally,  the  air  cushion 
could  he  utilized  as  part  of  the  recoil-absorbing  system 
for  the  artillery  piece.  Running  gear  of  this  type  would 
also  be  ideally  suited  for  use  on  vehicles  used  in  the 
Arctic  regions,  the  wheel  configuration  would  be  used  35 
on  packed  snow  and  ice.  and  the  air  cushion  pad  would 
be  used  on  loose  snow 

The  prior  art  shows  many  air  cushion  pads,  but  none 
which  are  combined  with  conventional  wheels  Air  lift  4() 
casters,  wherein  a  spherical  ball  rides  within  a  hemi¬ 
spherical  housing  on  a  film  of  air,  are  also  well  known 
to  the  art.  however,  these  are  impractical  for  use  on 
soft  terrain  because  the  weight  is  concentrated  at  the 
point  of  contact  of  the  sphere  with  the  ground  rather  45 
than  being  spread  out  over  a  large  area. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  is  an  air  cushion  pad  that  is  an 
integral  part  of  a  wheel  assembly  The  whecel  is  on  a  50 
relatively  large  diameter  bub,  the  non  rolling  part  of 
which  is  exposed  Attached  to  this  non-rolling  part  of 
the  hub  is  a  flexible  skirt  which  defines  an  air  cushion 
chamber  when  the  wheel  hub  is  rotated  90” to  bring  (he 
skirt  in  contact  with  the  ground  Air  or  other  fluid  is  55 
then  fed  to  the  chjmber  to  form  the  air  cushion. 

OBJECTS  OF  THE  INVENTION 

Accordingly,  it  is  an  object  of  the  present  invention 
to  provide  j  vehicle  wheel  that  can  be  converted  to  a 
different  type  of  vehicle  support. 

It  is  a  further  object  of  the  present  invention  to  pro¬ 
vide  a  convertible  vehicle  support  whose  operational 
position  can  he  changed  at  will. 

It  is  a  further  object  of  the  present  invention  to  pro¬ 
vide  a  wheel  that  can  he  converted  to  or  from  an  air 
cushion  pad 
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Other  objects  and  advantages  of  the  present  inven¬ 
tion  will  he  apparent  from  the  following  specification 
and  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG  I  is  a  front  view  of  a  vehicle  show  ing  the  vehicle 
supports  in  the  wheel  position; 

FIG  2  is  a  front  view  of  a  vehicle  showing  the  vehicle 
supports  in  the  air  cushion  pad  position,  and 

FtG.  3  is  a  sectional  view,  looking  parallel  to  the  axis 
of  the  vehicle,  of  the  convertible  vehicle  support  of  the 
present  invention. 

FIG.  4  shows  a  rigid  skirt  attached  to  the  non-rolling 
part  of  the  wheel  hub; 

FIG  5  shows  a  rigid  skirt  attached  to  the  rolling 
wheel  assembly. 

DFSCRIP  I  ION  OF  THE  PREFERRED 
EMBODIMENT 

FIG  3,  which  is  a  cross  section  view  of  the  device  of 
the  present  invention,  shows  the  vehicle  support  10  in 
the  air  cushion  pad  position  Skirt  12  is  shown  as  being 
attached  to  the  stationary  part  of  the  hub  in  order  that 
it  will  not  he  subjected  to  any  centrifugal  stresses  when 
the  device  is  used  in  the  wheel  position;  however,  for 
some  applications  it  may  he  desirable  to  get  as  great  a 
skirt  diameter  as  possible,  hence  it  might  he  necessary 
to  attach  the  skirt  to  the  rotating  part  of  the  wheel  as¬ 
sembly  Skirt  12  can  he  made  of  any  conventional  air 
cushion  skirt  material  and  can  be  flexible  or  rigid,  de¬ 
pending  on  the  requirements  of  each  particular  appli¬ 
cation.  FTG.  4  shows  a  rigid  skirt  13  attached  to  the 
non-rolling  part  of  the  wheel  hub.  and  FIG  5  shows  a 
rigid  skirt  IS  attached  to  the  rolling  part  of  the  wheel 
assembly.  It  could  also  be  removable,  stowable,  or  re¬ 
tractable 

The  non-rolling  hub  14  is  comprised  of  a  circumfer¬ 
ential  portion  16  and  central  portions  18  and  20,  which 
are  joined  by  a  convex  disc  portion  22.  Hub  14  w  ill  thus 
be  seen  to  form  a  plenum  24.  Plenum  24  is  fed  air  or 
other  fluid  through  duct  26,  which  is  shown  as  a  flexible 
conduit;  however,  any  suitable  means  may  be  used  to 
pressurize  plenum  24. 

Tire  28,  which  may  be  of  any  construction,  is  re¬ 
tained  on  rim  30  in  the  conventional  manner.  Rim  30 
is  rotatably  joined  to  non-rolling  hub  14  by  conven¬ 
tional  ball  or  roller  bearings  32.  When  skirt  12  is  at¬ 
tached  to  hub  14  as  shown  in  FIG  3,  hearings  32  do  not 
need  to  he  thrust  hearings  since  there  is  no  appreciable 
lateral  force  on  them  in  the  air  cushion  pad  position 
However,  if  the  skirt  is  mounted  on  rim  30.  bearings  32 
will  have  to  support  a  portion  of  the  weight  of  the  vehi¬ 
cle  in  the  air  cushion  pad  configuration  and  some  type 
of  thrust  bearing  may  have  to  be  included 

Convex  disc  22  has  a  lug  34  on  it  w  hich  fits  into  a  slot 
in  support  strut  36.  A  locking  pin  (not  shown),  which 
IS  inserted  into  holes  38  in  the  strut  and  lug.  is  used  to 
lock  the  vehicle  support  in  the  wheel  position  as  will  he 
explained  later 

Support  strut  36  terminates  in  a  spherical  pivot  40 
which  is  clamped  between  central  portions  18  and  20 
of  hub  14.  Spherical  pivot  40  allow s  ihe  vehicle  support 
to  pivot  f-eely  when  in  tl  c  air  cushion  pad  position,  as 
will  be  explained  later. 

The  annular  rap  42  between  rim  30  and  circumferen¬ 
tial  portion  )6  of  hub  14  can  be  expanded  to  provide 
for  the  inclusion  of  a  brake  mechanism  (for  use  when 
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1 57 1  ABSTRACT 

Disclosed  is  a  novel  vehicle  suspension  and  drive 
means,  comprising  a  drive  shaft  extending  parallel  to 
the  longitudinal  avis  of  the  vehicle,  and  a  torsion- 
transmitting  suspension  rod  extending  from  a  wheel 
road  arm  across  the  drive  shaft  axis  The  suspension 
rod  is  speciullv  formed  with  a  clearance  opening  that 
accommodates  the  drive  shaft  in  a  non  obstructing  re¬ 
lationship  The  drive  shaft  transmits  driving  force  to  a 
drive  sleeve  that  encircles  the  torsion  transmitting  rod 
A  special  antifriction  hearing  is  provided  for  the  drive 
sleeve 
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The  invention  described  herein  may  be  manufac¬ 
tured.  used,  and  licensed  by  or  for  the  Government  for 
governmental  purposes  without  payment  to  me  of  any 
royalty  thereon. 

BACKGROUND  AND  SUMMARY 

Drive  arrangements  arc  known  wherein  drive  forces 
are  transmitted  to  four  of  the  vehicle  wheels.  Suspen¬ 
sion  systems  arc  known  wherein  each  road  wheel  is 
carried  by  a  support  arm  having  extensive  travel  for 
improved  cushioning  of  the  vehicle;  the  support  arm  is 
swmgably  attached  to  the  vehicle  hull  In  such  systems 
an  elastic  force-absorption  means  may  be  associated 
with  each  road  wheel  support  arm  to  cushionably  sup¬ 
port  the  sprung  weight  of  the  hull. 

The  present  invention  involves  the  incorporation  of  a 
vehicle  drive  means  within  four  or  nv>re  of  the  swing- 
able  suspension  arms,  thereby  obtaining  the  combined 
advantages  of  multi-w  heel  drive  and  long  travel  suspen¬ 
sion 

THE  DRAWINGS 

FIG  I  schematically  shows  in  top  plan  a  vehicle 
incorporating  the  invention. 

FIG  2  is  a  side  elocutional  view  of  the  FIG.  1  vehicle. 

FIG  3  is  an  enlarged  sectional  view  taken  through  a 
suspension-drive  unit  employed  in  the  FIG.  1  vehicle. 

FIG  4  is  a  fragmentary  sectional  view  taken  on  line 
4-4  in  FIG  3. 

FIGS  I  AND  2  (GENERAL  ARRANGEMENT) 

FIGS  I  and  2  schematically  show  a  vehicle  compris¬ 
ing  a  hull  10  having  a  front  wall  12,  rear  wall  14,  side 
walls  16  and  bottom  wall  18. 

An  internal  combustion  engine  28  is  connected  to  a 
conventional  transmission  30  for  rotating  the  propeller 
shaft  32.  Connected  to  the  rear  end  of  shaft  32  is  a 
manually -controlled  steering  unit  34  having  laterally- 
directed  shafts  36  and  38  selectively  or  simultaneously 
rotatable  according  to  the  positions  of  manual  control 
arms  40.  Steering  unit  34  is  a  commercially  available 
item,  for  example  the  steer  unit  marketed  by  the  Glen 
L  Bowen  Co  of  Detroit.  Michigan  under  its  designa¬ 
tion  DS  50.  Other  steer  units  are  shown  in  U  S  Pat. 
Nos  2.525. 1 00  and  3.353.616  and  3.760.846 

Shafts  36  and  38  are  connected  to  coventional  direc¬ 
tion-changing  gear  units  42  that  transmit  rotational 
power  to  the  longitudinal  shafts  17  and  19.  As  seen  in 
FIG  I.  each  shaft  17  or  19  is  comprised  of  a  number  of 
flanged  shaft  sections  17 u,  17 b  or  I9u.  19 b  connected 
together  The  sectional  character  of  each  shaft  is 
merely  for  installation  and  service  purposes,  operation¬ 
ally  each  shaft  17  or  19  may  be  considered  a  single 
shaft  F.ish  sectional  shaft  runs  through  four  shaft 
housings  44  containing  mechanisms  for  transmitting 
power  to  gear  train  units  located  in  wheel  support  arms 
13. 

FIG  3 

FIG  3  is  an  enlarged  sectional  view  taken  on  line 
3  3  in  FIG  2,  i  c  .  j  sectional  view  taken  on  a  horizon¬ 

tal  plane  at  the  centerline  of  the  power  shaft  19  (or  17) 
The  shaft  support  housing  44  comprises  a  main  casting 
46  suitablv  hulled  at  various  points  48  to  the  hull  side 
wall  16.  The  housing  rs  located  on  or  direct! y  above  the 
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hull  bottom  wall  18;  additional  holts  (not  shown)  run 
through  housing  Ua/igc  49  into  the  hull  hot  torn  wall 
The  illustrated  shaft  section  19a  (FIG.  3)  is  sup¬ 
ported  at  spaced  points  in  anti  friction  bearings  50.  52 
5  and  54.  Bearings  52  and  54  are  carried  in  a  cage  56 
suitably  bolted  onto  casting  46.  The  shaft  carries  a 
bevel  gear  58  (hat  meshes  with  a  bevel  gear  60  carried 
by  a  drive  sleeve  62,  whose  outer  end  carries  a  spur 
gear  64  located  within  road  wheel  support  arm  13. 

1,1  Arm  13  comprises  a  main  casting  66  that  defines  a 
barrel  68  centered  on  swing  axis  15,  spaced  walls  70 
and  72  extending  normal  to  the  swing  axis,  and  a  tuhu- 
lar  support  wall  74  for  wheel  axle  71.  Cover  plates  76. 
78  and  SO  arc  bolted  onto  casting  66  to  facilitate  access 
to  the  various  gears  Plate  76  serves  also  to  mount  a 
plug  element  89  that  is  splined  to  a  hollow  rod  94. 

Barrel  portion  68  of  the  support  arm  is  machined  on 
its  outer  peripheral  surface  to  form  a  semi-circular 
cross  sectioned  groove  82.  A  mating  groove  84  is  ma- 
2°  chined  in  the  inner  surface  of  casting  46.  Anti-friction 
ball  elements  86  aie  introduced  into  the  raceway 
formed  by  the  mating  grooves  To  facilitate  introduc¬ 
tion  of  the  halls,  the  casting  is  formed  with  a  ball-loader 
opening  88  that  is  subsequently  closed  by  a  plug  90. 
25  Groove  84  is  machined  in  the  casting  with  the  plug  in 
place:  the  inner  end  of  the  plug  thereby  constitutes  part 
of  the  raceway  surface.  The  plug  is  temporarily  re¬ 
moved  to  load  balls  86.  This  method  of  manufacture 
minimizes  the  radial  thickness  of  barrel  68  and  casting 
5°  46,  thereby  reducing  the  outside  diameter  of  housing 
44  while  still  having  adequate  space  within  the  barrel 
for  accommodation  of  drive  sleeve  62.  A  relatively 
small  housing  O.D  is  desirable  to  minimize  the  unus¬ 
able  vertical  space  within  the  hull  In  an  illustrative 
35  vehicle  such  unusable  space  is  only  about  9  inches. 
Swinging  movement  of  each  road  arm  13  about  axis 
15  is  resilient!)'  resisted  by  an  elastic  force-absorption 
means  21  comprised  of  an  elastomeric  annulus  92 
bonded  to  sleeves  93  and  95.  Sleeve  93  is  keyed  to  a 
40  torque  rod  94  that  extends  crosswise  of  shaft  19a  to  a 
connection  at  89  w  ith  road  arm  13.  Sleeve  95  is  keyed 
or  otherwise  anchored  to  a  casing  101  that  holts  onto 
housing  44.  as  at  97.  Therefore  swinging  movement  of 
road  arm  13  about  axis  15  places  shearing  loads  on 
4 5  elastomeric  annulus  92. 

Interior  space  98  is  oil-filled  ( through  a  filler  opening 
99)  To  isolate  elastomeric  annulus  92  from  the  oil- 
filled  space,  there  mav  he  provided  a  removable  end 
wall  96. 

Ml  Wall  96  carries  a  sleeve  hearing  87  w  hich  centers  and 
locates  torque  rod  94  on  swing  axis  15.  Torque  rod  94 
intersects  and  crosses  the  axis  defined  by  shaft  section 
I9u  However  the  rod  and  shaft  do  not  interfere  with 
one  another  because  the  rod  is  fotmed  with  a  tr3ns- 
55  verse  clearance  opening  91.  Shaft  section  19a  can  ro¬ 
tate  freely  on  its  axis;  rod  94  can  rotate  to  a  limited 
extent,  c  g  66°,  in  the  swing  plane  defined  by  axis  15. 
Rod  94  is  designed  to  transmit  torsion  force  from  road 
wheel  arm  13  to  elastomeric  annulus  92.  The  clastic 
wl  annulus  Constitutes  a  torsional  force  absorption  cle¬ 
ment  between  the  road  arm  and  the  hull 
Wheel  driving  forces  are  transmitted  from  shaft  sec¬ 
tion  |9u  through  bevel  gears  58  and  60  to  a  sleeve  62 
that  is  rotatably  mounted  within  barrel  68  by  means  of 
anti  friction  bearings  83  and  85.  Sleeve  62  drives  gear 
64  that  meshes  with  an  idler  gear  81  earned  on  a  pin  79 
fixed  within  road  aim  13;  needle  bearings  77  peimit 
free  rotation  of  gear  81  jround  the  axis  of  pin  79.  Gear 
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[57]  ABSTRACT 

A  steering  and  transmission  arrangement  for  an  off-road 
all-terrain  vehicle  provides  for  the  drive  ratios  to  each 
of  the  vehicle  wheels  to  be  geared  up  and  down  in 
unison  so  that  each  wheel  receives  a  torque  which  is  an 
average  of  the  torque  requirements  of  all  the  wheels. 
Steering  is  effected  by  varying  the  drive  ratios  to  the 
left-hand  and  right-hand  wheels  differentially  so  that 
the  wheels  on  one  side  are  speeded  up  and  the  wheels  on 
the  other  side  are  slowed  down.  The  wheels  are  sup¬ 
ported  independently  on  longitudinally-extending  legs 
pivotally  connected  on  the  vehicle  body.  Problems  of 
stress  on  the  drive  train  as  the  wheel  legs  rock  up  and 
down  on  rough  terrain  are  avoided  through  a  speed- 
reducing  coupling  at  the  pivotal  leg  connection  and  a 
torsional  energy-storing  drive  shaft  between  the  cou¬ 
pling  and  the  wheel  which  absorbs  small  torques  in¬ 
duced  by  the  rocking  of  the  legs  and  by  rotational  ad¬ 
vancements  and  retardations  of  the  wheels  as  they  ride 
over  local  bumps  in  the  terrain. 

10  Claims,  10  Drawing  Figures 
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ALL  TERRAIN  VEHICLE 
BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention  5 

The  invention  relates  to  a  self-propelled  vehicles  and 

more  particularly  to  steering,  suspension  and  transmis¬ 
sion  arrangements  for  such  vehicles,  especially  arrange¬ 
ments  intended  for  use  in  off-road  all-terrain  vehicles. 

2.  Description  of  the  Prior  Art  10 

Numerous  prior  proposals  have  been  made  for  all-ter¬ 
rain  vehicles  having  specialized  transmission  and  steer¬ 
ing  control  apparatus  and  suspension  and  drive  appara¬ 
tus  designed  for  meeting  the  problems  inherent  in  pro- 
pelling  and  steering  a  vehicle  over  rough  terrain.  All 
such  prior  proposals  of  which  the  inventor  is  aware 
have  been  subject  to  certain  disadvantages  and  defects. 
The  nature  of  these  disadvantages  and  defects,  and  the 
manner  in  which  they  are  overcome  by  the  present 
invention,  are  discussed  more  fully  in  the  following 
description. 

SUMMARY  OF  THE  INVENTION 

In  accordance  with  this  invention  a  vehicle  having  jj 
front  and  rear  w  heels  at  each  side,  has  a  suspension  and 
drive  for  each  w  heel  comprising  a  coupling  between  the 
wheel  and  one  end  of  a  longitudinally-extending  torsion 
bar  drive  shaft  which  is  supported  on  the  vehicle  body 
for  pivoting  about  a  transverse  axis  at  the  other  end,  30 
where  it  is  coupled  through  a  speed-reducing  drive,  e  g. 
a  worm  gear  meshing  with  a  reducing  worm,  to  a  trans¬ 
verse  driven  shaft  supported  on  the  vehicle  body.  This 
form  of  suspension  and  drive  allows  the  vehicle  body  to 
be  supported  high  above  the  wheel  axles  and  permits  55 
significantly  greater  ground  clearances  e  g.  of  the  order 
of  15  inches,  than  can  be  readily  obtained  using  the 
conventional  axle  drives  Whereas  it  has  been  proposed 
to  support  vehicle  wheels  independently  on  longitudi¬ 
nally-extending  legs  pivotally  connected  on  the  vehicle  40 
body .  in  prior  proposals  of  which  the  applicant  is  aware, 
the  front  and  rear  axles  on  each  side  of  the  vehicle  have 
been  driven  through  chains  engaging  sprockets  on  the 
wheel  axles  This  presents  the  disadvantage  that  if  the 
chains  connected  to  the  respective  wheels  are  turned  to  ** 
differing  extents  or  in  opposition  to  one  another,  the 
chains  may  easily  be  subjected  to  tensions  which  are 
sufficient  to  break  them  While  attempts  have  been 
made  to  avoid  this  difficulty  by  employing  frictional 
clutches  in  the  chain  drives,  this  has  not  proved  satisfac¬ 
tory  since  power  is  lost  through  slippage  at  the  clutch, 
and  the  clutches  are  liable  to  wear  rapidly  and  to  over¬ 
heat  The  apparatus  of  this  invention  avoids  the  above 
disadvantages  and  moreover  provides  an  advantageous  5, 
suspension  and  drive  which  may  reduce  rocking  of  the 
wheel  leg  about  the  transverse  axis  when  torque  is  ap¬ 
plied  to  the  transverse  drive  shaft,  since,  by  virtue  of  the 
speed-reducing  drive,  only  a  small  turning  moment  is 
imparted  to  the  wheel  leg  and  therefore  the  suspension  ^ 
height  of  the  vehicle  is  substantially  unaffected  by  the 
amount  of  power  transmitted  to  the  vehicle  wheels. 
Further,  the  torsion  h.ir  drive  shafts  allow  each  wheel 
to  be  momentarily  advanced  and  retarded  with  respect 
10  the  other  wheels,  for  example  when  riding  over  a  65 
local  hump  in  the  terrain,  without  unduly  stressing  the 
drive  train  This  allows  the  v  chicle  to  have  a  four  wheel 
drive  without  needing  10  uve  differentials  or  clutches. 
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BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  invention  will  now  be  more  fully  described,  by 
w  ay  of  example  only,  with  reference  to  the  accompany¬ 
ing  drawings,  in  which: 

FIG.  I  shows  a  perspective  view  of  an  all-terrain 
amphibious  vehicle,  with  the  body  shell  indicated  in 
broken  outline; 

FIG.  2  shows  a  side  view  of  the  transmission  and 
steering  control  apparatus  of  the  vehicle  partly  in  sec¬ 
tion  on  the  line  2—2  of  FIG.  I; 

FIG.  3  shows  a  section  on  the  line  3—3  of  FIG.  2; 

FIGS.  4  and  5  are  side  views  corresponding  to  FIG. 
2  illustrating  the  action  of  the  transmission  and  steering 
control  apparatus; 

FIG.  6  shows  the  reversing  gear  on  the  right  hand 
side  of  the  vehicle  partly  in  horizontal  section  on  the 
line  6 — 6  of  FIG  I; 

FIG.  7  shows  one  of  the  w  heel-supporting  legs  of  the 
vehicle  partly  in  section  on  the  line  7 — 7  of  FIG.  1; 

FIG.  8  shows  an  axle  for  a  wheel  of  the  vehicle  in 
section  on  the  line  8—8  of  FIG.  1,  with  a  detent  be¬ 
tween  the  drive  and  the  wheel  axle  in  engaged  position; 

FIG.  9  shows  pneumatic  circuitry  associated  w  ith  the 
suspension  of  the  vehicle;  and 

FIG.  10  shows  the  arrangement  of  pneumatic  valves 
employed  in  the  suspension  system. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

Referring  to  the  drawings,  the  vehicle  has  a  unitary 
body  10  formed  a  sheet  metal.  A  rectangular  opening  at 
the  top  of  the  body  is  defined  by  an  inwardly  projecting 
lip  II  from  which  a  front  panel  12  of  the  body  slopes 
outwardly  and  merges  with  a  flat  boftom  panel  13 
which  is  generally  cruciform  in  shape  including  a  front 
portion  13a.  two  lateral  portions  13b  and  c  and  a  rear 
portion  13d  from  which  an  angled  rear  panel  14  extends 
upwardly  to  the  lip  11.  The  front  panel  12  and  the  un¬ 
derlying  front  portion  I3a  provide  between  them  a 
space  for  the  driver's  legs  and  the  rear  portion  13d 
supports  the  engine  16  of  the  vehicle. 

The  body  10  is  symmetrical  about  the  longitudinal 
median  line,  and  has  at  each  side  a  flat  side  panel  17 
which  extends  downwardly  from  the  lip  11  and  from 
the  side  edges  of  the  front  and  rear  panels  12  and  14. 
The  panel  17  has  cut-outs  defining  the  openings  of  front 
and  rear  wheel  wells  18  and  19  and  a  central  downward 
extension  21  which  joins  with  the  outer  edge  of  the 
adjacent  lateral  portion  13  b  or  c  of  the  bottom  panel  13 

The  wheel  wells  18  and  19  each  have  a  curved  upper 
pane!  22  joined  at  the  outer  side  to  the  adjacent  side 
panel  17  and  at  the  inner  side  to  an  inner  vertical  panel 
23  w  hich  is  connected  to  the  side  of  the  adjacent  front 
or  rear  portion  13  a  or  13  d  of  the  bottom  panel  13  Each 
of  the  inner  panels  23  is  formed  with  an  inw  ard  rectan¬ 
gular  recess  24  w  hich  accommodates  a  support  leg  26  o 
or  b  for  the  front  and  rear  wheels  27  a  and  b  Each 
recess  24  has  an  inner  wall  28  offset  inwardly  from  the 
inner  panel  23  and  joined  at  its  lower  edge  to  a  recessed 
edge  of  the  adjacent  front  or  rear  portion  13  a  or  13  J  of 
the  bottom  panel  13.  a  pane!  29  at  one  end,  and  an  in¬ 
clined  top  panel  31  The  opposite  end  of  each  recess  24 
is  constituted  by  an  inclining  wall  32  which  connects  at 
the  lower  edge  w  ith  the  adjacent  transverse  edge  of  the 
adjacent  lateral  portion  13  b  or  c  of  the  bottom  panel  13 
The  top  edge  of  the  inclining  wall  32  connects  with  the 
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(57J  ABSTRACT 

An  amphibious  vehicle  for  travel  in  water  or  on  land 
with  transversely  spaced  power  driven  buoyant  drums 
fore  and  aft  of  the  vehicle  and  intermediate  buoyant 
idler  drums  likewise  transversely  spaced  around  which 
are  reeved  spaced  flexible  endless  belt  traction  appara¬ 
tus  formed  with  buoyant  cross  tread  such  as  elongated 
transversely  mounted  pneumatic  tires  or  gas  filled  tubes 
to  provide  driving  traction  in  the  manner  of  a  craw  ler 
type  tractor.  Also,  a  single  steering  control  and  system 
for  directional  control  of  the  vehicle  in  water  or  on  all 
forms  of  terrain  surfaces  is  devised  and  power  from  a 
Diesel-Generator  system  is  transmitted  to  an  electric 
motor  to  drive  the  respective  buoyant  power  drums  at 
either  the  fore  or  aft  end  of  the  vehicle  in  each  respec¬ 
tive  spaced  belt  or  track.  Such  drive  arrangement  of  the 
respective  drums  maintains  tautness  in  the  belt  and  re¬ 
duces  tensile  load  on  the  traction  belts  reeved  over  the 
midmounted  buoyant  idler  drums  between  the  respec¬ 
tive  fore  and  aft  buoyant  power  drums  when  the  power 
drums  are  selectively  driven  in  either  a  forward  or  a 
reverse  direction. 

2  Claims,  14  Drawing  Figures 
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AMPHIBIOUS  VEHICLE 
BACKGROUND  OF  THE  INVENTION 

This  is  a  continuation  of  application  Ser.  No.  729,813  5 
filed  Oct.  5,  1976  now  abandoned  which  is  a  continua¬ 
tion-in-part  of  prior  application  Ser.  No.  657,230  filed 
Feb  11,  1976  and  entitled  AMPHIBIOUS  VEHICLE, 
now  abandoned. 

FIELD  OF  INVENTION  10 

The  present  invention  relates  to  endless  track  means 
for  amphibious  landing  vehicles,  such  as  land  and  water 
vehicles  capable  of  travel  over  terrain  of  all  descriptions 
and  in  water  without  preparatory  conversion  to  com-  15 
pensate  for  either  medium. 

DESCRIPTION  OF  PRIOR  ART 

Heretofore,  prior  to  the  present  novel  invention  there 
have  been  developed  and  patented  many  forms  of  am-  20 
phibious  vehicles,  namely  for  example  U  S.  Pat.  Nos.: 
2.416.679,  Curtis.  Mar.  1947.  2,306,577,  Walker.  Dec. 
1942.  2,359.586.  Sayler,  Oct.  1944,  3,146,035,  Bonmar- 
tint.  Aug.  1964.  3,180,305,  Gower-Rempel.  Apr.  1965, 
3,204.713.  Shanahan  et  al..  Sept.  1965,  3,238.913,  Slem-  25 
mons.  Mar.  1966.  3,396,690,  Tsunazawa.  Aug.  1968, 
3.481,654.  Hartlerode.  Jr..  Dec.  1969. 

However,  these  prior  devices  have  not  provided  for 
single  steering  wheel  and  propulsion  control  means  to 
provide  optimum  maneuverability  of  endless  track  30 
means  on  land  of  all  terrain  formations  and  on  water 
surfaces.  Also,  the  present  invention  is  an  improvement 
of  the  poor  art  by  the  highly  efficient  steering  and  lever 
control  of  an  electric  transmission  system  coupled  to 
traction  drive  belts.  35 

BRIEF  SUMMARY  OF  THE  INVENTION 

The  present  invention  relates  to  improvements  in 
Landing  C'aft  and  contemplates  an  amphibious  vehicle 
employing  identical  propulsion,  steering  and  control  40 
mechanism  on  land  and  water. 

More  particularly  the  landing  craft  in  design  is  essen¬ 
tially  a  crawl  type  tractor  employing  two  laterally 
spaced  belts  of  suitable  dunble  flexible  material,  such  as 
plastic,  each  belt  passing  over  and  around  a  senes  of  45 
resolvable  drums  with  the  fore  and  aft  drums  being 
Jrtsably  connected  with  electric  power  transmission 
means  The  actual  number  and  size  of  the  drums  are 
cabhralcd  and  proportioned  to  produce  a  displacement 
when  half  submerged  to  thereby  develop  sufficient  50 
buoyancy  io  provide  a  payload  capability  that  will  jus¬ 
tify  the  cost  of  operation.  Containers  are  now  commer¬ 
cially  available  to  meet  such  payload  requirement. 

Further  in  regard  to  optimum  payload  requirements 
in  the  event  more  vehicle  speed  or  enhancement  in  55 
payload  capability  is  needed,  without  increasing  the 
length  of  the  vehicle,  each  drum  may  be  provided  with 
two  suitable  cocks  and  valves  so  positioned  that  air  in 
the  respective  drums  may  be  replaced  with  gas  means, 
such  as  helium.  This  should  be  done  before  the  drums  60 
are  assembled  in  the  vehicle  drive  belts.  These  belts  are 
laterally  spaced  to  provide  for  suitable  protrusions  on 
the  drum  surfaces,  such  js  annular  fins  around  the  drum 
surfaces  to  prevent  lateral  crawl  of  the  respective  belt 
means  as  shown  in  the  accompanying  drawings.  The  65 
draw  ings  also  illustrate  means  of  simultaneous  inflation 
of  suitably  attached  transverse  tires  disposed  trans- 
sersclv  of  the  drive  belts,  such  as  tubeless  pneumatic 
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tires.  If  helium  is  substituted  for  air  as  discussed  herein¬ 
before  the  speed  of  the  v  ehicle  as  well  as  the  payload 
may  be  increased. 

The  motive  power  of  the  vehicle  is  provided  by  a 
reciprocating  diesel  motor  driving  a  dual  output  D-C 
generator  provided  with  a  seif-excitmg  exciter. 

The  transmission  of  the  vehicle  of  the  present  inven¬ 
tion  is  completely  electrical.  Change  of  direction  from 
forward  to  reverse  is  accomplished  by  changing  polar¬ 
ity  of  the  feed  circuits  to  all  four  motors.  The  feed 
circuits  to  each  port  or  starboard  pair  of  motors  pass 
through  separate  rheostats  controlled  by  the  vehicles 
steering  wheel.  When  the  wheel  is  turned  to  the  left, 
resistance  is  gradually  introduced  by  the  rheostat  of  the 
circuit  feeding  the  left  hand  motors  thus  lowering  the 
speed  of  the  left  hand  drive  belt  causing  the  vehicle  to 
turn  left.  When  the  wheel  is  turned  to  the  right  a  similar 
action  takes  place  in  the  opposite  direction  by  connect¬ 
ing  the  starboard  rheostat  to  feed  the  right  hand  pair  of 
motors  with  driving  current. 

Brakes  are  unnecessary  as  the  tracks  cannot  be 
thrown  out  of  gear  w  ith  the  connected  driving  mecha¬ 
nism.  The  speed  of  this  vehicle  is  regulated  by  the  foot 
actuated  accelerator  pedal  at  the  driver’s  seat  which 
controls  the  flow  of  fuel  to  the  diesel  motor. 

The  landing  craft  has  no  body  or  hull  to  be  pushed  or 
pulled  through  or  on  the  water.  The  deck  is  supported 
on  three  fins  or  girders  and  is  preferably  fabricated  of 
aluminum  preferably  not  more  than  3/16  inch  thick,  and 
do  not  submerge  more  than  approximately  6  inches,  for 
example,  al  maximum  loading.  These  fins  accommodate 
the  bearings  for  the  axles  of  all  the  drums,  as  shown  in 
FIGS.  2  and  3  of  the  drawings  and  described  hereinaf¬ 
ter. 

The  vehicle  of  the  invention  is  suitably  designed  for 
use  as  a  trailer,  and  is  precisely  the  landing  craft  herein 
described  and  illustrated,  less  the  power  plant. 

With  one  simple  center  line  hitch  of  any  known  suit¬ 
able  type  with  the  tow  ing  vehicle,  and  a  towed  vehicle 
coupled  to  the  hitch  will  track  precisely  and  if  desired 
will  execute  right  angle  turns. 

The  most  economical  use  of  the  vehicle  in  ship-to- 
shore  movement  of  materials  will  be  the  use  of  the 
present  vehicle  to  low  trailer  units.  Thus  more  goods 
can  be  moved  per  trip  than  can  be  moved  by  two  trips 
using  only  a  powered  vehicle. 

OBJECTS  OF  THE  INVENTION 

An  object  of  the  invention  is  to  provide  a  novel  end¬ 
less  track  means  with  inflated  surface  cross  tires  for 
amphibious  vehicles  having  pneumatically  or  gascously 
inflated  drums  to  provide  for  optimum  payload  floata¬ 
tion  and  propulsion  in  the  water  or  travel  on  land. 

Another  object  is  to  provide  a  novel  drive  arrange¬ 
ment  of  laterally  spaced  endless  belts  mounted  in  stde- 
by-stde  relation  around  transversely  spaced  floatation 
drums. 

Another  object  of  the  present  invention  is  to  provide 
a  steering  means  for  the  vehicle  of  the  present  invention 
which  enables  the  operator  to  steer  the  vehicle  in  a 
similar  manner  to  a  conventional  automobile. 

Sit!)  another  object  of  the  present  invention  is  the 
provision  of  a  vehicle  which  minimizes  drag  by  elimi¬ 
nating  conventional  hull  means. 

Yet  another  object  is  to  provide  control  of  payload 
by  floatation  with  resulting  superior  action  over  water 
and  boggy  cut  faces 
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AMPHIBIOUS  VEHICLE 
HF1.D  OF  INVENTION 

I  hi'  present  invention  relates  to  uliu  lis  .mil  more 
p.iiticulurlv  to  amphibious  vehicles 

BACKGROUND  OF  I  HE  INVENTION 

Amphibious  vehicles  may  he  divided  inti*  vehicles 
having  alternate  land  and  aquatic  propulsion  means, 
and  single  propulsion  means  Alternate  propulsion  sys¬ 
tems  include  vehicles  having  conventional  land  drives, 
and  alternate  conventional  aquatic  drives,  such  as  pro¬ 
pellers  and  the  like  Single  propulsion  systems  have 
been  Ivptfied  bv  liaek-moiinlevl  vehicles  wherein  tur¬ 
bulence  resulting  from  traveling  of  the  respective 
tracks  is  intended  to  propel  the  structure  through  the 
water  This  has  general!),  been  unsuccessful  in  that  un¬ 
shrouded  tracks  tend  to  result  in  static  equilibrium 
wherein  force  in  the  intended  direction  is  neutralized 
hv  fluid  drawn  in  the  opposite  direction  by  travel  of 
track  Nevertheless,  single  propulsion  vehicles  are 
thought  to  he  preferable  to  alternate  propulsion  am¬ 
phibians  in  that  they  are  more  simple  and  compact 
structures 

Accordingly  it  is  an  object  of  the  present  invention 
to  provide  an  improved  amphibious  vehicle  of  the  sin¬ 
gle  unu  propulsion  type  having  a  dueled  propulsion 
vector  svstem  wherein  backlash  fluid  drawn  in  a  direc¬ 
tion  opposite  to  the  intended  directum  ot  travel  is 
drawn  through  a  duct  into  the  direction  of  the  intended 
travel 

!•  is  a  further  object  of  this  invention  that  the  afore¬ 
said  amphibious  vehicle  have  a  simple  steering  system 
integrally  related  to  the  propulsion  system 

1  hese  and  other  objects  shall  become  apparent  from 
the  description  following,  it  being  understood  that 
modifications  may  he  made  without  affecting  the 
teachings  of  the  invention  here  set  out 

Sl’MMARY  OF  I  HI  INVENTION 

1  he  amphibious  vehicle,  comprises  a  body-frame, 
having  an  inverted  ('-shaped  duct  at  each  rectilinear 
side  of  the  body  frame  extending  to  distally  above  the 
ground  line,  an  engine  mounted  in  the  body  -  frame .  and 
a  drive  train  assembly  including  a  row  of  wheels  in  each 
ot  the  ducts,  means  for  mechanically  connecting  the 
wheels,  means  for  transmitting  and  mechanically  con¬ 
necting  i he  wheels  to  the  engine,  and  deflectors 
mounted  forwardly  and  above  each  of  the  wheels  for 
receiving  fluid  drawn  upwardly  by  rotation  of  the 
wheels,  and  conduits  disposed  icctilincarly  in  the  inte¬ 
rior  top  wall  of  each  of  the  ducts  communicating  fluid 
from  respective  collectors  rcurwarJIy  from  Ihc  ducts 

A  more  thorough  and  comprehensive  understanding 
may  be  had  from  the  detailed  description  of  the  pre- 
I’crred  embodiment  when  read  in  connection  with  the 
drawings  forming  a  part  of  this  specification. 

BKII  I  DESCRIPTION  OF  THE  DRAWINGS 

FIG  I  is  a  left  front  perspective  view  ol  the  present 
ainplnbi.uis  vehicle 

FIG  2  is  a  top  plan  v  lew  of  the  apparatus  of  the  MG 
|  shown  with  mu  of  the  top  duet  walls  broken  away 
and  vector  arrows  for  tlhivlr.iln c  purposes 

f  K  i  3  is  a  le ft  side  elevaliori.il  vww  of  the  amphibi¬ 
ous  vchiv  le  w  nh  the  duel  walls  broken  away  and  vector 
arrow  v 


2 

h If i  4  is  an  end  clcvational,  cross-section  jl  view 
taken  substantially  along  the  lines  4  —  4  of  the  MG  3. 

FIG  5  is  a  bottom  plan,  semidiagrjmmatie  view-  of 
the  engine  and  drive  train  assembly  of  the  present  vchi- 
5  cle 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

Referring  now  to  the  draw  ings  and  more  particularly 
Id  to  the  FIG.  1.  the  amphibious  vehicle  of  this  invention 
is  shown  to  advantage  and  generally  identified  by  the 
numeral  10.  The  vehicle  10  comprises  a  chassis-body 
1 1,  an  engine  12.  and  a  drive  assembly  13.  The  chassis- 
body  I  I  includes  a  suitable  frame  integrally  tied  to  a 
15  body  14.  The  body  14  may  he  a  senmectangular  solid 
provided  with  a  prow -like  nose  portion  14'  Within  the 
body  14  is  a  passenger-cargo  compartment  15  having 
seats  16  anil  the  like  The  engine  12  may  he  mounted 
in  the  prow  portion  14' 

2<t  Referring  to  the  FIGS  2,  3  and  4,  the  drive  train  as¬ 
sembly  13  is  powered  by  the  engine  12  and  hydraulic 
pump  12'  As  shown  more  clearly  in  the  FIG  5,  the 
drive  train  13  comprises  a  pair  of  reetilincarly  disposed 
rows  of  wheels  17  and  a  pair  of  valves  IK  controlling 
25  each  of  the  respective  rows  of  wheels  17.  Fuch  of  the 
wheels  17  may  he  mechanically  connected  to  other 
wheels  17  m  its  respective  row  anil  driven  hy  a  single 
hydraulic  motor  19  and  means  such  as  sprocket  and 
chain  (not  shown),  or  by  a  motor  19  provided  for  each 
wheel  17  and  connected  by  a  valve  IK  of  each  row  It 
is  to  be  understood  that  both  tows  of  wheels  17  may  he 
controlled  from  a  single  hydraulic  motor  anil  that  other 
steerable  wheels  may  he  provided  for  control  It  is  to  he 
understood  that  a  suitable  mechanical  system  may  op- 
•'*  crate  in  place  of  the  hy  cl  ran  lie  system  described  herein, 
with  a  transmission  and  gear  box  in  place  of  the  valves 
and  hydraulic  motors. 

Referring  again  to  the  FIGS.  2.  3  and  4,  the  rows  of 
wheels  17  are  mounted  in  ducts  20  Jl  each  rectilinear 
11  side  of  the  body  14.  Each  of  ihe  ducts  20  arc  config¬ 
ured  as  inverted  C  shaped  enclosures  which  issue 
downwardly  Irotn  the  body  14  distally  above  the 
ground  line  That  is.  each  duct  20  is  formed  by  walls  of 
the  passenger -cargo  compartment  15,  a  lop  wall  20'  is¬ 
suing  outwardly  and  horizontally  from  the  upper  por¬ 
tion  of  the  body  14.  and  an  outside,  guard  wall  20"  is¬ 
suing  downwardly  from  Ihe  wall  20'  having  its  lower¬ 
most  edge  distally  above  the  ground  line,  jnd  parallel 
to  the  wall  of  compartment  15.  The  prow  portion  14' 

'  encloses  the  forwardmost  terminal  ends  of  the  ducts 
20.  and  J  baffle  plate  21,  issuing  from  the  rearward- 
most  terminal  end  of  the  body  14,  encloses  the  rear- 
wardmosl  terminal  ends  of  the  ducts  20.  It  may  be  seen 
that  the  baffle  plate  21  also  provides  a  mudflap  which 
may  restrict  material  ordinarily  thrown  by  rotation  of 
the  wheels  17. 

The  prow  like  portion  14’  is  provided  with  apertures 
22  which  communicate  with  each  of  Ihc  ducts  20.  As 
'hall  become  apparent,  the  apertures  22  may  he  sub¬ 
stantially  horizontal  (not  'hownl  or  inclined  down¬ 
wardly  as  shown  in  ihe  FIG  3.  The  rearward  end  of  the 
ducts  20  discharge  through  the  b.ilflc  pl.itc  21  through 
orifices  23.  23’  ami  23"  fho  forwardmost  wheel  17  is 
f,s  Provided  with  a  deflector  24  whwh  is  operable  to  col¬ 
lect  fliml  drawn  upwardly  by  forward  rotation  of  the 
wheel  17,  and  wuh  a  conduit  25  which  communicates 
fluid  collcc  led  by  the  deflector  24  to  the  orifice  23.  1  he 
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157 1  ABSTR  ACT 

An  amphibious  vehicle  is  adapted  to  be  propelled  in 
water  with  a  minimum  of  wet  hull  drug  I  he  vehicle 
incluiles  a  scrm-flcvihle  frame*  and  an  engine  lived  to 
the  frame.  Parallel  vets  of  tandem  rollers  are  mounted 
on  the  opposite  sides  of  the  hodv  on  whieh  pairs  of 
pontoon  assemblies  are  mounted  Each  pontoon  as¬ 
sembly  includes  a  plurality  of  circumferentially  super¬ 
imposed  endless  layers  or  plies  of  buoyant  material  so 
that  the  pontoons  support  the  body  on  both  land  and 
water  A  propulsion  device  is  providevl  for  propelling 
the  load-carrying  body  in  water,  the  preferred  propel¬ 
ling  means  being  a  finned  belt  driven  by  the  engine 
An  engine  is  also  provided  for  driving  the  pontoon 
rollers  so  that  the  linear  velocity  of  the  endlc*ss  layc*rs 
is  approximately  equal  to  the  velocity  of  the  body 
when  it  passes  over  water  to  minmu/e  the  occurrence 
of  wet  hull  drag. 

7  Claims.  10  Drawing  Figures 


FIG  _  1 
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1  he  pontoons  of  the  present  invention  .ire  pre fcr. ibiv 
AMI'IUItlOl'S  VKHin.k  uompnscil  of  several  plies  of  Imovaiit  materia).  I  he 

BACKGROU  ND  OF  THE  INVENTION  *H,lh  <'f  ,hc  »,llcs  ^re-uses  proceeding  outwardly 

along  the  pontoon.  and  each  pl\  except  the  outermost 
The  present  invention  relates  to  amphibious  vehicles,  '  has  a  rulgc  on  each  side  to  confine  the  next  outermost 
an  m  particular  to  a  t\pe  of  amphibious  vehicle  env  ply  jn  position.  The  plies  are  not  fixed  or  glued  to  each 
ploung  parallel  endless  pontoon  assemblies  which  sup*  other  so  that  they  cun  slide  relative  to  one  another  as 

port  the  vehicle  over  both  land  and  water  thev  are  stretched  and  compressed  over  the  rollers  at 

The  primary  problem  with  amphibious  vehicles  ,  the’ ends  of  lire  pontoons  The  pontoon  assemblies  of 
known  in  the  art  .s  that  they  are  usually  an  uneasy  »<*  |hc  prCM.nt  in4entilln  must  be  re|alivcl>  th,ck  lo  pro. 
con, prom.se  between  land  operation  a  ml  ua.er  opera-  Vlje  |hc  is,,e  bmnjncy  UtiH^at.on  of  a  plural, tv  of 
lion,  ror  example,  some  amphibious  vehicles  utilize  .  -  ,  ,r, 

,  ,  ■  ,  .  .  .  1  ,  ,  r  -  plies  to  configure  the  pontoon*  allows- the  use  of  the 

large  buoxant  tires  which  have  a  pluralitv  ot  small  fins  ....... 

’  r  *  .  .  *  ,  .  relativclv  thick  pontoons  without  damage  to  the  pon- 

on  their  surface,  and  the  tires  are  used  to  propel  the  .  1  ,  ,  ... 

bods  over  both  land  and  water.  However,  the  finned  “  US  a«  mer 'he  r“"L-rs 

surface  of  the  tires  interferes  w,,h  ope  rat, on  of  the  Th,c  prcfcfKd  <>/  ,be  P™*" 

sehicle  over  hard  or  paved  surfaces,  and  Provi<lCs  only  ploys  open  or  closed  cell  r.  bber  pontoo, 

minimal  propuls, on  over  water,  resulting  a  vehicle  '“r“We  dtnMt>  If  Jvs.rcd.  the  outermost 

which  is  inefficient  over  both  (and  and  w  ater  Another  b'lfd  rubber  or  other  rugged  material  to  max 


The  preferred  embodiment  of  the  present  invention 
employs  open  or  closed  cell  ri  bber  pontoons  ha  vine  a 
variable  density  If  desired,  the  outermost  ply  can  he 
hard  rubber  or  other  rugged  material  to  maximize  wear 


type  of  vehicle  is  somewhat  similar  to  the  standard  ’*>  of  thc  P°nUK’"  a>NCn’b,X  iner  l;*nd  "  '“'uld  **  an 


automobile  but  the  lower  portion  of  the  body  is  sealed 
to  provide  a  buoyant  hull  The  vehicle  has  standard 
tires  for  land  propulsion  and  is  provided  with  a  propel¬ 
ler  for  water  propulsion.  The  vehicle  operates  much 
like  a  standard  automobile  over  land,  but  in  water  the  »•' 
exposed  tires  cause  excessive  drag  and  the  vehicle  is 
thus  inefficient  in  water.  No  amphibious  vehicle  has  yet 
been  developed  which  is  efficient  over  both  land  and 
water  As  a  result,  available  amphibious  vehicles  have 
little  practice  utility  and  are  used  primarily  as  rccre- 
ational  vehicles  for  their  novelty  value  Such  vehicles 
or  parts  thereof  are  found  in  L'  S  Pat  Nos.  8.070; 
114.832;  328.559.  883.0 1 H;  917.351,  953.165; 

1 .749.27ti,  1.913.605.  and  1.928.51  1. 
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SUMMARY  OF  THE  INVENTION 

Thc  amphibious  vehicle  of  the  present  invention 
includes  a  load-carrying  body  containing  a  power 
source.  A  pair  of  parallel  sets  of  tandem  rollers  are 


obvious  expedient  to  provide  interchangeable  outer 
layers  having  a  different  configurations  in  order  to 
operate  efficiently  over  different  types  of  terrain. 

The  innermost  ply  of  the  pontoon  assembly  prefer- 
25  ably  comprises  a  triangular  belt  which  fits  into  a  corre¬ 
sponding  groove  in  the  rollers  This  triangular  shape 
will  cause  water  to  run  off  of  the  interior  of  the  belt 
Furthermore,  the  water  will  be  forced  off  the  belt  hy 
the  triangular  configuration  when  the  belt  encounters 
7(l  one  of  the  rollers.  The  triangular  belt  can  be  con¬ 
structed  of  rubber  impregnated  fabric  to  prov  ide  struc¬ 
tural  support  to  the  pontoons. 

The  novel  features  which  are  believed  to  be  charac¬ 
teristic  of  the  invention,  both  as  to  organization  and 
55  method  of  operation,  together  with  further  objects  and 
advantages  thereof  will  be  better  understood  from  the 
following  description  considered  in  connection  with 
the  accompanying  drawings  in  which  a  preferred  em¬ 
bodiment  of  the  invention  is  illustrated  by  w  ay  of  exam- 


mounted  on  opposite  sides  of  the  body  At  least  two  4«  ple  lt  is  lo  hc  cxpress|v  understood,  however,  that  the 


substantial!'  parallel  endless  pontoons  are  mounted  on 
each  set  of  tandem  rollers  respectively  Each  pontixin 
is  constructed  of  buoy  ant  material  so  that  the  pontoon 
floats  in  water  as  well  as  providing  support  for  the  body 
over  land.  Means  separate  front  the  pontoon  means  are  4  3 
provided  for  propelling  the  load-carrying  body  over 
water  The  pontoons  are  driven  by  the  power  source  to 
move  the  vehicle  over  land  Furthermore,  the  pontoons 
are  driven  when  the  vehicle  rides  over  water  so  lhat  the 
linear  velocity  of  the  pontoons  is  approximately  equal  5u 
to  the  velocity  of  the  body  to  minimize  and  preclude 
the  generation  of  wet  hull  drag 

The  primary  object  of  the  present  invention  is  to 
provide  an  amphibious  vehicle  which  operates  effi¬ 
ciently  over  both  land  and  water.  The  present  invention  '5 
provides  a  track  vehicle  which  operates  similar  to 
known  track  vehicles  over  land.  When  the  vehicle  is 
operated  in  water,  the  pontoons  are  used  to  minimize 
wci  hull  drag  so  that  Ihe  'chicle  operates  highly  effi¬ 
ciently  in  water  also  The  only  impediment  to  move-  f'(l 
uk-iiI  of  ilu-  bodv  m  water  is  the  inertial  ding  due  to 
displacement  of  the  water  and  the  wind  resistance  of 
the  bodv 

In  the  present  intention,  one  of  the  preferred  cm- 


drawings  are  for  the  purpose  of  illustration  and  descrip¬ 
tion  only  and  are  not  intended  as  a  definition  of  the 
limits  of  the  invention. 

45  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  perspective  view  of  an  amphibious  vehicle 
embodying  the  apparatus  of  the  present  invention; 

FTG  2  is  a  plan  view  of  the  apparatus  of  The  present 
s(,  invention  with  the  vehicle  body  removed 

FIG  3  is  a  rear  cross-sectional  view  taken  along  lines 
3 -3  of  FIG  2; 

FIG  4  is  a  rear  cross-sectional  view  taken  along  lines 
4  -4  of  FIG  2; 

sy  FIG.  5  is  a  plan  v  iew  of  one  of  thc  pontoons  of  the 
present  invention  including  a  wave  cutter. 

MG  6  is  a  side  elevation  view-  of  the  pontoon  assem¬ 
bly  of  FIG  5; 

FIG  7  is  a  front  elevation  view  of  the  pontoon  assem- 
nu  bly  shown  m  MGS  5  and  6; 

FIG  8  is  a  fi  igmenl.iry  cro-s  sectional  elevation  v  iew 
of  a  preferred  embodiment  of  the  pontoon  assembly  of 
thc  present  invention 

FIG.  9  is  a  blow  up  v  iew  taken  at  lines  9  9  of  J-  1C 


hodmient'  utilizes  an  endless  finned  belt  which  .lets  tv,  8;  and 


propel  the  'chicle  in  water,  but  other  propelling  means 
siiv  h  as  ptopcllcrs.  water  (els  and  Ihe  like  could  be  used 
as  well 


FIG  10  is  a  fragmentary  elevation  view  of  Ihe  pon 
toon  assembly  of  the  present  invention  as  it  traverses 
one  of  the  tollers 
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A  wheel  having  a  hub  connected  to  a  conoidally 
shaped  solid  section,  the  base  edge  of  which  is  at¬ 
tached  to  a  rim.  Ihc  wheel  is  mounted  to  a  vehicle 
j\le  b\  means  provided  with  the  hub 


7  Claims.  5  Drawing  Figures 
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ELASTIC  CONOID  SliAI’F.I)  WHEEL 

BACKGROUND  OF  THE  INVENTION 
1 .  Field  of  ihe  Invention 

This  invention  relates  generally  to  wheels  for  vehi¬ 
cles.  The  wheel  of  this  invention  is  especially  suitable 
for  use  on  vehicles  operating  on  weak  soil  and/or  in 
rough  terrain  and,  in  particular,  for  vehicles  operating 
on  the  lunar  surface.  The  wheel  has  application  in  any 
environment  wherein  unusual  surface  conditions 
require  a  large  ground  contact  area  due  to  weak  soil 
and  attenuated  dynamics  due  to  the  combination  of 
surface  roughness  and  vehicle  speed. 

2  Description  of  the  Prior  Art 

Presently,  wheels  and  tracks  are  the  conventional 
devices  used  to  provide  vehicles  with  means  for 
locomotion  over  ground  surfaces. 

The  conventional  wheel  with  simple  design  exhibits 
poor  performance  when  required  to  operate  on  weak 
soil  and/or  in  rough  terrain  The  conventional  wheel  in¬ 
herently  affords  a  limited  contact  area  on  any  surface 
over  which  it  travels,  the  contact  area  being  dependent 
on  wheel  sire  As  a  result,  the  size  of  a  conventional 
wheel  necessary  for  operation  on  weak  soil  must  be 
large  and.  therefore,  heavy.  The  resulting  weight  and 
size  of  the  conventional  w  heel  designed  to  operate  on 
weak  soil  is  j  decidedly  limiting  factor  on  the  speed, 
stability  and  control  of  the  vehicle  in  rough  terrain 
One  solution  of  the  problem  of  locomotion  on  weak 
soil  and/or  in  rough  terrain  has  been  to  provide  vehicles 
with  large  tracks  rather  than  wheels  Typically,  such 
tracks  are  comprised  of  a  continuous  loop  of  articu¬ 
lated  sections  arranged  on  a  plurality  of  wheels  to  pro- 
v  ide  .1  continuous  rolling  surface  I  his  design  necessari¬ 
ly  sacrifices  the  simplicity  of  the  wheel  since  it  requires 
the  use  of  a  heavy  structure  and  complex  mechanical 
linkages  which  are  vulnerable  to  i.imming  as  the  result 
of  an  accumulation  of  soil  and  other  debris  Further¬ 
more.  locomotion  energy  demands  are  higher  and 
speeds  ate  severely  limited  as  a  result  ot  the  energy  dis¬ 
sipated  in  the  numerous  journal  bearings  and  the  cen- 
tnlu gal  or  dynamic  forces  w  hich  increase  w uh  speed 
A  major  problem  whether  wheels  or  Iracks  are  used 
is  the  sprung  to  unsprung  w  eight  ratio  of  the  vehicle.  In 
general,  an  increase  in  this  ratio  enhances  the  stability 
and  control  of  the  vehicle  in  rough  terrain  thereby  al¬ 
lowing  higher  operating  speeds  With  presently  known 
locomotion  devices,  vehicles  must  he  provided  with 
complex  suspension  designs  in  order  to  attain  suitable 
performance  under  these  conditions. 

There  is,  therefore,  a  need  in  the  art  for  a  wheel 
w  hich  will  provide  a  greater  ground  contact  area  than  a 
conventional  wheel  and  also  provide  acceptable 
dvnamic  behavior  at  minimal  energy  expenditure 

SUMMARY  OF  THE  INVENTION 

It  :s  an  object  of  the  present  invention  to  provide  a 
wheel  having  a  large  ground  contact  area  and  enhanced 
ride  dvnamics  jt  high  speed  on  rough  terrain 

ll  o  anoiher  object  of  she  present  invention  to  pro¬ 
vide  a  wheel  which  is  simple  in  construction,  economi¬ 
cal  to  fabricate  and  operate,  and  capable  of  withstand¬ 
ing  adequate  fatigue  and  impact  loads  compatible  with 
off  road  vehicle  operations 


2 

It  is  another  object  of  ’.he  present  itv-.-i.tion  to  pr  - 
vide  a  wheel  particularly  suitable  f<  ;  opera:  >n  on  the 

lunar  surface. 

It  is  yet  another  object  of  the  prevent  m  ention  to 
3  provide  a  locomotion  device  which  does  not  become 
jammed  with  loose  soil,  vegetation  or  deb  i.  during 

operation 

The  wheel  of  the  present  invention  is  provided  with  a 
hub  attached  to  a  flexible  conoidallv  shaped  section 
lu  having  a  flexible  cylindrically  shaped  rim  attached  at  its 
base  The  specific  shape  of  the  conoidal  section, 
whether  ellipsoidal,  hemispherical,  conical  or  other¬ 
wise.  depends  on  the  spring  rate  and  deformation 
1S  characteristics  desired  The  wheel  is  basically  designed 
with  an  axle  mount  at  the  hub  and  a  conoidally  shaped 
section  extending  from  the  hub  to  the  rim  section  The 
rim  section  at  the  base  of  the  conoidal  section  provides 
both  a  rolling  surface  for  the  wheel  and  means  to  stabil- 
c0  ize  the  conoidal  section  at  the  point  of  contact  with  the 
ground.  In  addition,  a  wearing  surface  is  provided  on 
the  surface  of  the  rim  section  to  afford  durability  and 
increased  traction  at  the  wheel  rolling  surface 

Means  are  provided  such  that  when  the  wheel  is 
ys  mounted  and  deflected  due  to  the  load  imposed  on  it 
the  ground  contact  is  aligned  with  the  direction  of 
movement  of  the  wheel,  thereby  eliminating  [he  ineffi¬ 
ciency  of  lateral  scuffing  components  One  method  for 
achieving  this  is  to  cant  the  wheel  axle  downward!- 
toward  the  hoiizontal  surface  the  precise  angle  depen¬ 
dent  on  wheel  peometty.  operating  loads  and  structural 
properties  ot  the  construction  material  knot  her 
method  for  achieving  this  result  is  to  provide  tlcxiHe 
material  between  the  inside  surface  ol  the  vonowlalty 
shaped  section  and  the  cylindrical  tim  section 

A  very  small  ji-ution  ol  the  .  niioid.il  whcit  -iccnt.1 
nig  to  the  present  invention,  tv  u"sprung  while  the 
remainder  of  the  wheel  and  the  mass  it  carr.es 
sprung  The  portion  of  the  wh-el  which  is  j;  sprung  is 
that  portion  m  the  ■  umity  of  ground  contact  Thus,  the 
sprung  to  unsprung  vehicle  we’ght  ratio  is  large  which 
is  a  desirable  characteristic  lor  vehicles  operating  ir, 
tough  terrain  at  high  speeds 

DF.SURIP  1  ION  OF  I  HE  DRAWINGS 

The  present  invention  will  be  descrihed  and  un¬ 
derstood  more  readily  when  considered  with  the  at 
tached  draw  mg  in  w  hich 

so  FIG.  I  is  a  front  elevation.il  view-  of  the  wheel  of  the 
present  invention,  including  the  mounting  means 
therefor, 

FIG  2  is  a  side  clevalional  view  of  the  wheel  of  the 
present  invention  in  the  unloaded  state. 

53  FIG  3  is  j  side  elesational  view  of  ihe  wheel  of  the 
present  invention  in  the  loaded  state. 

FIG  3u  is  a  partial  section  of  the  wheel  ol  FIG  3 
taken  along  line  3u  -  .•u.  and 

FIG  4  is  a  fr  ont  clevation.il  view  of  another  emt'odi- 
ment  of  the  wheel  v  f  the  present  invention 

DESt.  RUM  ION  OF  IIU.  PK I  I  ERRED 
l-MHODIMFM 

^  The  wheel  ol  the  present  invention.  »s  van  Ke  re  t  !tl. 
seen  m  FIG  t.  wo:^a!l>  k'rrri>e'  ..  huh  2.  . •  vo 
noul.ilh  shaped  m  *u  i.  4  and  a  •  m  st  vti  irfi  I  S 
huh  2  loomed  a:  iK  ..pe»  <>f  ’he  ..  r. 4 
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Y\Kt\ltlf  I'M  \('K  Wlim  s 

IIA(K(.k(HM)  CM-  I  HI  INA  IMICIS 

This  invention  relates  In  powcr-adiuslcd.  variable 
track  wheels  Such  wheels  .ire  used,  for  example,  on  ug  * 
rieullural  traelors.  the  p*»wer  of  Che  traelor  engine 
being  used  Co  s.ir>  the  track  ol  che  wheels 

More  purticuhiriv .  The  invention  is  concerned  with 
wheels,  heicin.illcr  leleited  In  .is  being  ol  the  kind 
specified,  comprising  a  rim.  .1  separate  disc,  a  number  1,1 
of  rails  arranged  hclic.tlh  on  the  inner  surface  of  the 
rim.  guides  on  the  disc  which  engage  the  rails  wherehx 
as  relative  rotation  lakes  place  between  the  rim  and  the 
disc  their  relative  positions  change  in  directions  paral 
lei  to  the  rolarv  axis  ol  the  wheel,  and  locking  means  1 
on  the  guides  operable  frictionallx  to  engage  the  rails 
to  lock  the  disc  ami  run  in  a  desired  relative  position 
lo  change  the  track  of  a  wheel,  the  locking  means 
are  released,  a  stop  is  located  on  at  least  one  rail  on  , 
each  wheel  to  be  adjusted  and  the  discs,  which  are  con¬ 
nected  lo  the  tractor  drive,  are  rotated  relative  lo  the 
runs  which  engage  the  ground  through  the  tv  res  thereof 
so  that  relative  rotation  takes  place  between  the  discs 
and  the  run*  uni vl  the  guides  have  come  up  against  the  ,, 
stop*  whereupon  the  locking  means  are  operated  \or- 
m.dlv  the  rails  are  provided  with  holes  extending  trail* 
verse  lx  therethrough  and  the  stop*  are  positioned  on 
the  rail*  bv  holts  or  pin*  passing  through  holes  m  the 
stops  and  the  appropriate  hole*  in  the  rail*  )(| 

\  ariou*  form*  ol  lot  king  means  are  known  Norm.illv 
,1  locking  element  is  moved  radialh  otilw.udlv  ol  the 
r  -t.irv  axis  of  the  wheel  Iriclionallx  to  encace  the  in 
watillx  facing  surface  ol  the  rati  I  lie  main  txpe*  ol 
loekmc  means  ate  an  eccentric  pin  which  1*  totaled  to 
bring  a  block  into  engagement  with  the  rail,  a  ssicvc 
1  ick  whose  head  includes  a  xoke  arranged  to  be  moved 
r.uliallv  outvv.iiillv  into  eitgageinenl  with  the  tail  and  .1 
double  ramp  aiiangemeiil  in  vv  bn  It  one  tamp  i*  moved 
over  another  ramp  and  into  engagement  with  the  rail  -lu 
\N  htle  these  tvpe*  of  locking  means  have  been  in  use 
lot  a  number  ol  vears  s.ilistactonlv .  the  power  ol  ti.n 
lor*  ha*  crailuallv  increased  and  it  ha*  been  found  that 
the  conventional  lx  pcs  of  l<  eking  mean*  are  harillx  ad- 
.quale  to  prevent  slipping  between  the  discs  and  the 
runs  du,.ng  oj'eratnvn  -\ttempls  have  been  made  to 
pievent  tin-  slipping  bv  mctcasmg  the  triclional  lorce* 
between  the  locking  elements  and  the  rail*  A*  the  fric¬ 
tional  lorce*  ale  increased,  greater  manual  ctlorl  has  to 
be  applied  to  operate  the  locking  mean*  and  the  greater 
the  r.ulial  lorce*  the  more  likelihood  1*  'here  that  the 
run  will  be  detornted  a*  tile  locking  means  are  oper- 
ated 

It  is  an  object  ol  the  present  invention  to  provide  an 
improved  construction  of  wheel  of  the  kind  specified 

SI  MM  ARY  Of  I  HI  IN\  I  N  I  ION 

Xccoidmc  1  •  the  invention  wc  prov  ide  a  wheel  c  om 
i'll'  ic  a  run  .1  separate  di*.  .  .1  number  "I  rails  .11 

•  r  *4  1 

ranged  lie  lie. -ills  on  the  inne  r  surface  •  "  the  run  guide-, 
on  the  di**  which  engage  the  rail-  uhcrcbx  a*  relative 
rotation  t.ikc'  place  between  the  mu  and  di*.  their  fcl 
aloe  position*  change  in  directions  parallel  to  the  ro 
larv  avi*  ol  die  wheel,  loc  kmc  means  on  the  cuide'  or 

h  ** 

eiablc  trie  lion,  ills  to  engage  the  tail*  lo  lock  the  di*c 
and  1  ini  m  a  dc  *n  ed  rc-I.dtv  e  posit  ion .  at  least  one  -I  tlu 
cuide*  c  t  -.  mg  a  *ct  pm  at  tanged  t.  ■  cng."V  the  1  ill .  n 
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caccd  bv  tlu  r.ckiia'  me.iti*  to  -.  ;'|  I-  met  1  the  to  kinc 
cllcct  ol  the  l.itlct 

In  operation  ol  this  arruMe'eniclit.  .she  •  •  it  1.  desired 
to  adtusl  the  tiack  ol  the  wheel  the  or  each  set  pin  is 
ilhdruwn  out  ol  engag'.nic  'll  with  the  associated  '.ill 
and  the  locking  means  are  released,  the  disc  an-l  the 
rim  arc  rclalivclv  rotated  to  adjust  the  ir.-ck  to  the  de¬ 
sired  spacing  and  the  locking  means  arc  then  operated 
and  the  or  1  nil  set  pm  is  tichlciicd  into  engagement 
with  the  associated  rail  thus  supplcirenting  the  locking 
effect  of  the  locking  means 

I’lctcmbh  the  or  each  set  put  engages  the  *idc  face 
of  the  associated  rail.  1  e  one  of  the  laces  other  than 
the  inner  lace  vvhich  i*  c-ngaged  b\  the  locking  means 
and  tltc  « »i  1  Ic  1  lacc  which  Is  tuvtaposed  lo  the  inner  lace 
of  the  rim  H.  arranging  the  set  pm  to  engage  the  side 
face  ol  tlic  tail  llie  likelihood  >d  t .icJv.it  distortion  of  the 
wheel  is  reduced 

I’re'erublv  on  the  or  each  guide  carrying  a  set  pin  the 
lockini:  means  and  set  pm  are  associated  with  each 
other  in  such  a  manner  that  the  locking  mean*  cannot 
be  released  until  the  set  pm  has  been  scre  wed  out  of  en¬ 
gagement  with  the  rail  inn  I  In*  association  of  the  lock¬ 
ing  means  and  the  set  pin  prevents  the  scoring  ->f  the 
rail  bv  the  set  pin  which  might  occur  should  the  locking 
means  be  released  before  or  engaged  after  the  *et  pin 
Where  the  locking  mean*  i*  an  eccentric  pin  which 
is  carried  in  the  guide,  the  set  pm  can  be  arranged  adja¬ 
cent  to  the  eccentric  pin  and  generallx  perpendicular 
to  the  rail  I  In  e.  centric  pm  m.r.  '-e  provided  with  an 
abutment  uftaticc'd  upon  rotation  ol  the  eccentric  pin 
when  the  'i  1  "111  i>  m  contact  with  the  t  ill.  lo  cor'act 
the  set  pm  tin  u  be  pievt  iiting  the  eccentric  pm  rot.it 
mg  stiff  1%  n  -  ;  1  \  lo  release  tile  contact  between  the 
bh  u  k  and  f  .nl  I  In*  |»iev  cut*  the  r<  It  a*c  of  the  loc  k  mg 
means  I'etoic  ’lie  'el  pill 

II  the  locking  means  i*  in  the  form  ol  a  screw  lack 
the  11  the  vale  at  the  head  ol  the  screw  jack  which  cn 
gai'i '  tile  ml  w  lii  c  at  I  v  the  set  pin  II  tile  loc  k  1  ng  mean* 
I*  ol  the  doiifle  tamp  iiranvc  mi  nt  !h.  n  one  of  the 
ramps  will  c.ur.  the  sei  pin 

I’relerablv  tin  or  each  set  jvin  i*  hardened  or  ha*  .1 
hardened  tree  .  int  and  the  rail*  are  m.ivf  Irom  a  softer 
material  than  die  associated  *ct  pin  or  pins  so  that  the 
or  each  pm  indents  the  rail  when  lit-hteiiv  d  inti'  v  ng.iev- 
nicnt  therewith  I  lit*  liable*  relative  rolalion  between 
tile  disc  and  tint  to  I'e  ettectivelv  resisted  as  there  is  a 
positive  location  between  the  set  pin  ami  rail  anil  not 
.1  pinch  lintion  contact  between  these  components 

null  I  1)1  St  RIIM  ION  Of  I  hi-  DR  AWINGS 

Alt  embodiment  ol  the  invention  will  now  he  dc 
*c  1  ibc'.l  in  detail  bv  wav  of  example  with  reference  to 
the  ac  con. pain  mg  vlr.ovmgs  111  which 

M(  i  I  I*  a  (v.irlial  das*  section  throuvh  a  wheel  cm 
hodviMg  the  I're'ciit  invention 

H<  1  2  i-  a  partial  ei,. I  elevation  of  the  wheel  ot  f  Hi 
I  and 

I  !<•  .*  i'  a  plan  view  ol  1 1  guide  which  ic  u'cd  in  the 
wheel  ■  I  It  .S  |  and  2. 

DI  si  RIIM  ln\  t  >1  \  I’RI  :  I  'kRI  I)  I  MRODIMfST 

RcIv  iiiiic  lo  the  drawing*  the  win  el  11m  IS  indicated 
gciier.illv  at  M*  .mil  the  m  hoc!  klisk.  .it  II.  The  a  heel  r :  m 
h.i*  .1  niiirlvf  ft  hc.lk.il  r.iiK  ^  •  un  J  i«  the  inner  s*ji 
!.u  e  12  thi  Kut  ne  »>l  the  r.iiK  sekufkj  t«»  the  inner 
Miil.ue  Ih  jin*  11  .lie  .itt  .!  .* r  1,1  I  uh  r.n!  is  ene.»»:eil  h\ 


